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ABSTRACT 


The  literature  dealing  with  the  effects  of  arterial  "blood  car¬ 
bon  dioxide,  oxygen  and  pH  on  the  cerebral  vascular  resistance  and 
cerebral  blood  flow  has  been  reviewed  up  to  i960.  In  the  present  in¬ 


vestigation  the  effects  of  arterial  blood  P 


CO, 


alterations  on  the 


cerebral  vascular  resistance  were  studied  using  Pentothal  anesthe¬ 
tized  dogs.  Various  preparations  including  dogs  with  spinal  vascular 
connections  intact  and  completely  severed  dog  heads  were  employed. 

These  were  supplied  with  blood  of  varying  P  using  blood  from  the 
same  animal,  a  donor  dog,  or  a  pump-oxygenator  combination.  Arte¬ 
rial  blood  pressures  were  recorded  in  all  experiments  and  venous  blood 
pressure  was  recorded  in  groups  5  through  7*  The  arterial  inflow 
into  the  cerebral  circulation  was  maintained  constant  with  a  pump, 
therefore  any  change  in  resistance  of  the  cerebral  vascular  bed  was 
reflected  as  a  change  in  like  direction  of  the  cerebral  arterial  pres¬ 
sure  (AP  =  PR). 

It  has  been  demonstrated  that  in  the  completely  isolated  ce¬ 
rebral  circulation  the  cerebral  arterial  blood  pressure  increases 
with  respiratory  alkalosis  and  decreases  with  respiratory  acidosis. 

The  apparent  cerebral  vascular  response  in  animals  with  vascular  con¬ 
nections  between  the  head  and  body  is  variable.  It  is  postulated  that 
the  variable  response  of  the  cerebral  arterial  pressure  to  alterations 
of  arterial  P_  and  pH  is  the  result  of  a  cumulative  effect  of  a 

co2 

number  of  uncontrolled  variables  mediated  through  spinal  and  other  anasto¬ 
motic-connections  between  the  cerebral  and  trunk  blood  circulations. 
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INTRODUCTION 


Interest  in  the  cerebral  circulation  and  its  control  has  been 

evident  for  centuries.  In  178$  Monro  wrote: 

As  the  substance  of  the  brain,  like  that  of  the 
other  solids  of  our  body  is  nearly  incompressible 
the  quantity  of  blood  within  the  head  must  be 
the  same,  at  all  times  whether  in  health  or  di¬ 
sease,  in  life  or  death,  those  cases  only  excep¬ 
ted  in  which  water  or  other  matter  is  effused  or 
secreted  from  the  blood  vessels;  for  in  these,  a 
quantity  of  blood  equal  in  bulk  to  the  effused 
matter  will  be  pressed  out  of  the  cranium.  (46) 

Supported  and  carried  further  in  1824  by  Lellie  (28) ,  this  hypothesis 
became  known  as  the  "Monro-Kellie  Doctrine".  This  doctrine  was  widely 
adopted  (69)  and  many  of  the  basic  ideas  are  accepted  today. 

From  this  doctrine  it  seemed  logical  that  blood  vessels  within 
the  cranium,  being  restricted  by  this  rigid  container,  should  be  ca¬ 
pable  of  only  small,  passive  changes  in  diameter.  The  further  extra¬ 
polation  was  made  that  active  changes  were  unnecessary.  Most  experi¬ 
mental  evidence  of  the  1800's  was  interpreted  to  support  this  view. 
Some  investigators  did  voice  contrarj'  opinions  (8)  (9)  (ll)  (54)  but 
the  work  of  these  few  was  so  dogmatically  criticized  by  Bayliss  and 
Hill  (2)  that  it  was  generally  ignored.  Of  notable  mention  are  the 
classical  experiments  of  Roy  and  Sherrington  (54)  which  were  the  main 
object  of  Bayliss  and  Hill's  wrath. 

The  conclusions  of  Bayliss  and  Hill  were  widely  accepted  until 
1950  (4l) •  From  this  period  until  the  present  time  the  general 
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"belief  has  "been  that  the  cerebral  vessels  have  the  inherent  ability  to 
dilate  or  constrict  actively  under  different  conditions.  However,  opi¬ 
nions  concerning  the  physiological  determinant  and  the  directional  res¬ 
ponse  of  these  vessels  have  differed  greatly. 

Hogs  and  cats  were  most  commonly  used  as  the  experimental  ani¬ 
mals  until  1945  when  Kety  and  Schmidt  (52)  published  their  inert  gas 
method  which  enabled  the  determination  of  cerebral  blood  flow  (CBF) 
in  unanesthetized  humans.  A  more  exacting  method  for  following  rapid 
and  transient  changes  in  man's  CBP  was  published  in  i960  by  Lewis,  et 
al.  which  should  yield  valuable  information  in  the  future  (44). 

Earlier  work  by  Heath  and  Hash  raised  some  doubt  as  to  cerebral 
resistance  changes  in  response  to  artei*ial  blood  P  and  H  alterations 

p 


(24). 


The  investigation  described  in  this  thesis  was  undertaken  to 

establish  the  effect  of  arterial  P„n  and  H  alterations  on  the  cere- 

ou2  p 

bral  vascular  resistance  and  where  possible  to  indentify  reflex  or 
mechanically  induced  responses. 

It  has  been  conclusively  demonstrated  that  in  the  dog  the  re¬ 
sistance  of  the  cranial  vessels  can,  in  the  absence  of  external  in¬ 
fluence,  vary  in  a  manner  rela/tea  closely  to  blood  C02  and  pH. 
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LITERATURE  REVIEW 


In  1890  Roy  and  Sherrington  investigated  the  regulation  of 
cerebral  blood  flow  (CBP)  in  dogs  (54) •  Supplementary  experiments 
were  done  on  rabbits  and  cats.  Changes  in  brain  volume  resulting 
from  various  stimuli  such  as  stimulation  of  nerve  pathways,  and 
intravenous  injections  of  fixed  acids  and  bases  were  recorded.  Mea¬ 
surements  were  made  with  a  sensitive  membrane  enclosed  within  a 
small  metal  capsule.  This  was  fixed  into  a  small  trepan  hole  in  the 
cranium  and  connected  to  a  recording  lever.  To  prevent  pressure 
changes  in  the  cerebrospinal  fluid,  which  might  influence  the  CBP, 
sn  opening  was  made  in  the  cranium  which  allowed  cerebrospinal 
fluid  to  flow  freely  from  the  intracranial  spaces.  Systemic  arte¬ 
rial  and  venous  blood  pressures  we re  recorded. 

Though  unable  to  show  any  direct  cerebral  vascular  response 
to  nerve  stimulation,  they  did  find  that  acids  and  bases  caused  a 
striking  increase  and  decrease  respectively  in  the  cranial  volume. 
These  were  interpreted  as  changes  in  like  direction  of  CBP. 

They  concluded  that  the  cerebral  circulation  was  controlled  by 
l)  the  systemic  arterial  blood  pressure,  which  in  turn  was  controlled 
by  the  vasomotor  and  cardiac  regulatory  centers,  and  2)  an  intrinsic 
mechanism  —  "the  chemical  products  of  cerebral  metabolism  contained 
in  the  lymph  which  bathes  the  walls  of  the  arterioles  of  the  brain  can 
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cause  variations  of  the  calibre  of  the  cerebral  vessels.”  In  this  way 
the  brain  controlled  its  own  local  blood  distribution  according  to  func¬ 
tional  activity  of  the  various  areas. 

Recently  Sokoloff  and  Kety  said  these  two  investigators  "out¬ 
lined  with  remarkable  insight  and  clarity  the  two  major  determining 
factors”  which  regulate  the  cerebral  circulation  (66).  They  also  ob¬ 
serve  that  since  the  advent  of  more  exacting  animal  experiments,  along 
with  a  great  deal  of  work  done  on  human  subjects,  the  present  opinion 
supports  the  work  of  Roy  and  Sherrington. 

This  classical  work  was  noticed,  but  the  methods  and  results 
were  so  strongly  criticized  by  Bayliss  and  Hill  (2)  that  the  findings 
were  not  generally  accepted. 

Bayliss  and  Hill’s  experiments  were  done  entirely  on  dogs. 

The  cerebral  arterial  blood  pressure,  systemic  arterial,  general  venous, 
cerebral  venous  and  cerebrospinal  fluid  pressures  were  simultaneously 
recorded  utilizing  various  cannulations  and  trepan  holes  fitted  with 
recording  devices. 

They  found  "no  evidence  whatever  of  any  independent  change 
pointing  to  the  existence  of  any  vaso-motor  nerves  supplying  the  brain" 
nor  were  they  able  to  show  that  the  cerebral  vessels  responded  actively 
to  any  stimuli,  including  fixed  acids  and  bases.  They  convincingly  at¬ 
tributed  all  changes  in  cerebral  blood  pressure  observed  by  them,  and 
cerebral  volume  changes  reported  by  Roy  and  Sherrington,  to  passive 
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changes  in  the  cerebral  vessels.  They  described  these  changes  as 
being  mechanical  in  origin. 

hue  largely  to  Bayliss  and  Hill’s  paper  of  1895  and  Hill’s 
textbook  of  1896  (26)  the  view  that  the  cerebral  vessels  could  only 
react  passively  prevailed  until  about  1950  (41 )• 

I  am  of  the  same  opinion  as  other  reviewers  that  the  criti¬ 
cisms  of  Hoy  and  Sherrington's  work  was  unwarranted.  Much  was  based 
on  inappropriate  evidence  (66).  Bayliss  and  Hill's  work  is  itself  open 
to  criticism  since  their  experiments  were  done  using  intact  dogs  which 
are  possibly  the  least  suited  laboratory  animals  for  this  purpose  be¬ 
cause  of  the  rete  mirabile  and  the  complex  pattern  of  the  venous  system 
associated  with  the  cerebral  circulation  (l)  (6l)  (see  p.12). 

In  1928  Co  F.  Schmidt  reported  experiments  done  on  intact  dogs 
and  cats  (57)  (58) •  The  CBF  was  measured  directly  using  either  a  con¬ 
trolled  inflow  (with  a  bubble  flow-meter)  or  a  venous  outflow  method. 
Major  arteries  supplying  the  cerebral  circulation  were  ligated,  but 
the  ventral  spinal  artery  was  patent.  Recognizing  this  as  a  possible 
source  of  error,  Schmidt  theorized  that  if  the  cerebral  perfusion  pres¬ 
sure  were  maintained  at  a  higher  pressure  than  the  systemic  arterial 
pressure,  its  flow  would  not  add  to  the  CBP.  He  reported  that  CC^ 
caused  the  cerebral  vessels  to  dilate,  and  high  ©2  resulted  in  cere¬ 
bral  vasoconstriction.  Ho  evidence  was  obtained  for  direct  nerve  in¬ 


fluence  on  the  cerebral  vasculature. 
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Bronk  and  Gessell  in  1927  found  that  when  the  blood  CC^  content 
was  increased  by  normal  and  artificial  ventilation  an  increased  carotid 
and  decreased  femoral  blood  flow  resulted,  and  vice  versa  (4)®  They 
suggested  that  "circulatory  adjustments  following  variations  in  CC>2 
content  of  the  body  occur  in  favor  of  the  brain."  They  noted  that  the 
carotid  blood  pressure  remained  surprisingly  constant  when  the  COg  con¬ 
tent  was  increased  or  decreased,  even  though  no  effort  was  made  to  keep 
it  constant.  It  was  demonstrated  that  changes  in  CBF  were  not  dependent 
on  changes  in  mean  systemic  blood  pressure. 

They  realized  the  difficulty  in  isolating  the  cerebral  circula¬ 
tion  but  felt  a  continuous  measurement  of  the  carotid  flow  by  a  thermo¬ 
electric  method  would  be  a  "crude  approach  for  following  changes  in  cere¬ 
bral  flow." 

Contrary  to  findings  of  other  investigators  Bronk  and  Gessell 
reported  that  acid  and  base  caused  respectively  constriction  and  dila¬ 
tation  of  the  cerebral  vessels  (54)  (7l)  (20 )  (70)*  Recent  reviewers 
say  these  contrary  findings  may  have  been  due  to  secondary  changes  in 
P_n  which  could  obscure  any  effects  of  pH  changes  (66). 

C°2 

In  1930,  Wolff  and  Lennox  did  a  series  of  experiments  using  cats 
(7l)#  The  following  variables  were  measured:  l)  oxygen  and  CC^  content 
and  capacity  of  arterial  blood,  2)  blood  pressure  and  cerebrospinal 
fluid  pressure,  5)  rate  and  volume  of  respiration,  and  4)  changes  in 
diameter  of  pial  arteries.  These  variables  were  observed  before  and 
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during  inhalation  of  various  gas  mixtures  and  injections  of  acid  and 
alkali . 

They  r  eported  that  "tt  decrease  in  the  CC^  content  of  the  blood 
resulted  in  a  moderate  decrease  in  the  diameter  of  the  pial  arteries, 
whereas  an  increase  in  CO^  was  followed  by  a  very  marked  increase  in 
their  size."  In  their  experiments  the  influence  of  CC^  almost  complete¬ 
ly  obscured  that  of  oxygen,  and  metabolic  acidosis  and  alkalosis  caused 
respectively  cerebral  vasodilatation  and  vasoconstriction. 

In  1934  Schmidt  and  Pierson  studied  the  intrinsic  regulation  of 
blood  vessels  of  the  medulla  oblongata  in  decapitate  heads  of  cats  (63). 
The  severed  head  was  perfused  by  a  "donor"  cat  through  the  common  carotid 
arteries,  the  external  carotids  being  ligated.  Blood  was  returned  from 
the  spinal  column  stump  into  a  jugular  vein  of  the  donor  cat.  Femoral 
arterial  blood  pressure  was  recorded.  Blood-flow  changes  were  measured 
with  a  small  thermocouple  placed  directly  into  the  medullary  tissue. 

The  two  arterial  circulations  were  separated  by  a  pump. 

Results  showed  that  CO^  had  a  powerful  dilator  effect  on  the  me¬ 
dullary  vessels?  oxygen  lack  also  had  a  dilator  affect.  Carbon  dioxide 
had  more  influence  on  the  cerebral  vessels  than  did  blood  pH.  Ho  change 
was  observed  in  local  perfusion  during  stimulation  or  after  cutting  the 
vagus,  aortic  or  sinus  nerves. 

Later  that  year  Schmidt  reported  on  similar  studies  done  on  the 
hypothalamus  (59)*  Again,  he  observed  no  change  in  local  perfusion 
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during  stimulation  or  after  cutting  the  vagus,  aortic  or  sinus  nerve. 

He  found  that  "vasoconstriction  was  quite  regularly  produced  by  stimu¬ 
lation  of  the  cervical  sympathetic;  the  effect  was  slow  in  onset,  it 
progressed  after  the  stimulation,  and  usually  was  irreversible  and  not 
repeatable."  The  dTfects  of  CO^  and  alterations  on  the  cerebral  ves¬ 
sels  were  similar  to  those  in  the  medulla. 

In  1936  Schmidt  studied  the  regulation  of  GBF  in  the  parietal 
cortex  (60).  Methods  similar  to  those  described  in  Schmidt’s  1934  pam¬ 
pers  were  used  (59)  (63)*  Changes  resulting  from  blood  C02  and  Og 
content  alterations  were  the  same  as  in  other  cerebral  areas  previously 
investigated.  Nerve  stimulation  tests  were  also  the  same.  Schmidt 
reported  the  effects  of  0^  to  be  more  intense  in  this  region  than  in 
others.  He  reiterated  that  fixed  acid  or  alkali  had  no  noticeable  ef¬ 
fect. 

A  paper  in  1937  hy  Forbes,  et  al0,  supports  Schmidt’s  findings 
concerning  stimulation  of  the  vagus,  aortic  and  sinus  nerves  (13)  ( 15 ) • 
Forbes  observed  only  weak  and  inconsistent  dilatation  of  the  pial  ar¬ 
teries  after  stimulation  of  these  nerves.  Observations  were  made  through 
a  cranial  window.  One  hundred  and  fifty  nine  cats,  three  monkeys  and 
two  dogs  were  used0  Vasodilatation  following  stimulation  of  these  ner¬ 
ves  seemed  due  to  a  fall  in  systemic  blood  pressure,  however,  later  ex¬ 
periments  demonstrated  that  stimulation  of  the  facial  nerve  resulted  in 
dilatation  of  the  pial  arteries  not  dependent  on  this  fall  (14),  The 
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amount  of  dilatation  here  was  small  when  compared  to  that  of  skin  ar¬ 
teries. 

One  of  the  first  attempts  to  measure  man's  cerebral  blood  flow 
was  made  in  1941  by  Ferris  (12).  His  method,  based  on  the  displace¬ 
ment  of  cerebrospinal  fluid  after  compression  of  two  jugular  veins  is 
highly  suspect  (65). 

In  1942,  Gibbs,  et  al.  studied  the  response  of  the  cerebral  cir¬ 
culation  to  hyperventilation  and  to  breathing  increased  concentrations 
of  CO^  (18).  Thirteen  human  subjects  with  normal  EEG  and  no  clinical 
evidence  of  cerebral  disorder  were  used.  Carbon  dioxide  dontent,  blood 
pH,  CO^  tension  and  oxygen  saturation  were  determined  from  blood  samples 
taken  simultaneously  from  the  internal  jugular  vein  and  the  femoral  ar¬ 
tery.  These  values  "were  compared  and  correlated  with  simultaneously 
obtained  samples  of  the  electroencephalogram. "  Vasomotor  changes  were 
assessed  by  the  arterial-venous  oxygen  difference. 

Vasodilatation  occurred  with  increased  CO^  tension  and  vice 
versa.  Increased  oxygen  saturation  of  cerebral  venous  blood  was  in¬ 
terpreted  as  the  result  of  a  cerebral  vasodilatation,  reduction  as  the 
converse.  If  hypoxemia  was  great  enough  they  judged  it  could  overcome 
the  vasoconstrictor  effect  of  low  CO^  tension.  This  method  is  only  va¬ 
lid  provided  the  metabolic  activity  and  local  blood  distribution  re¬ 
mains  constant. 


Intrinsic  control  of  the  cerebral  circulation  was  reviewed  in 
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1944  by  Cobb  and  Lennox  (6).  They  noted  that  "authors  using  different 
material  and  procedures  agree  that  increases  in  arterial  CCL  cause 
profound  dilation  of  cerebral  arterioles  with  increase  in  the  speed 
and  volume  of  cerebral  blood  flow."  These  effects  are  specific  for  the 
cerebral  vessels  (i.e.  as  the  CBF  increases  the  systemic  blood  flow  de¬ 
creases).  This  supports  results  published  by  Wolff  and  Lennox  (7l) 
and  Lennox  and  Gibbs  (43)° 

Work  of  Forbes  and  Wolff  is  referred  to  concerning  the  direct 
influence  of  the  nervous  system  on  cerebral  vessels  (15).  In  over  300 
animal  experiments  they  could  produce  only veak  and  inconsistent  dilata¬ 
tion  of  the  pial  arteries  by  nerve  stimulation. 

Chorobski  and  Penfield  demonstrated  the  existence  of  vasodila¬ 
tor  nerves,  but  pointed  out  that  vasodilation  is  significant  only  when 
the  blood  pressure  is  normal  s,t  the  beginning  and  remains  nearly  con¬ 
stant  throughout  the  stimulation  period  (5).  Their  observations  of  the 
pial  arteries  were  made  through  a  cranial  window  in  14  monkeys.  From 
these  observations  alone,  nothing  can  be  said  concerning  the  response 
of  other  arteries  of  the  brain. 

Hill  and  Maeleod  were  unable  "to  obtain  any  experimental  evi¬ 
dence  of  cerebral  vaso-mctor  nerves"  (27). 

Harmel,  et  al.  studied  the  effect  of  bilateral  stellate  gang¬ 
lion  block  on  the  cerebral  circulation  (2l).  Thirteen  normotensive  and 
hypertensive  patients  were  used.  CBF  was  measured  by  the  nitrous  oxide 
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method.  This  "block  did  not  alter  the  CBP  or  cerebral  vascular  resis¬ 
tance  (CVR)  in  either  group.  This  view  is  supported  by  Schneinberg 
(64)  in  patients  with  unilateral  stellate  ganglion  blockage  by  procaine, 
Kety  remarks  that  the  physiological  role  of  the  stellate  ganglion  has 
not  been  established  ( 3 1 ) • 

Ih.  1945  Schmidt,  Kety  and  Pennes  published  results  contrary  to 
those  of  other  investigators  (62),  Monkeys  were  used  exclusively.  The 
basilar  and  external  carotid  arteries  were  ligated.  All  arterial  in¬ 
flow  was  presumably  stopped  and  the  brain  was  perfused  through  the  in¬ 
ternal  carotid  arteries.  The  animal’s  breathing  mixture  was  changed  and 
CBF  measured.  The  extent  of  cerebral  isolation  was  determined  by  in¬ 
jecting  India  ink  through  the  internal  carotids  at  the  end  of  each  ex¬ 
periment.  The  cerebral  isolation  was  good  in  each  experiment  reported  in 
their  paper. 

Surprisingly,  they  found  that  increasing  the  CO^  concentration 
in  inhaled  air  up  to  10$  had  no  significant  effect  on  the  CBP.  Induced 
hyperventilation  with  oxygen  did  not  reduce  CBP  -unless  blood  pressure 
fell.  However,  anoxemia  was  followed  by  an  increase  in  CBF.  Prom 
these  data  and  from  similar  studies  by  Dumke  and  Schmidt  they  suggested 
that  oxygen  lack  was  a  more  powerful  cerebral  vasodilator  than  hyper- 
capnea. 

In  1944  Batson  reported  on  anatomical  problems  faced  when  stu¬ 
dying  the  cerebral  circulation  in  animals  (l).  Of  all  common  labora- 
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tory  animals  mentioned  only  the  monkey  and  rahbit  are  suitable  for  stu¬ 
dy  of  the  CBF.  In  most  animals  the  venous  side  is  unsuited  because  the 
pattern  of  veins  is  always  complex;  the  arterial  side  is  unsuited  be¬ 
cause  of  a  rete  mirabile,  which  makes  it  difficult  to  arrest  or  mea¬ 
sure  the  cerebral  arterial  inflow  quantitatively.  This  is  especially 
true  in  the  dog  which  has  comparatively  large  basilar  and  spinal  ar¬ 
teries,  connections  between  these  and  the  vertebral  arteries  and  con¬ 
nections  between  the  internal  and  external  carotid  arteries.  Consi¬ 
dering  this,  all  results  described  above  and  based  on  a  supposedly  iso¬ 
lated  cerebral  circulation  in  intact  dogs  would  be  subject  to  error. 

In  1945  Kety  and  Schmidt  described  their  nitrous  oxide  method 
jbr  quantitative  determination  of  CBF  (32).  This  was  the  first  method 
to  allow  quantitative  measurements  of  the  total  blood  flow  to  the  brain 
in  an  unanesthetized  human. 

Their  method  is  based  on  the  Hck  principle,  viz.  CBF=0,t  . 

(A— V)t 

In  this  formula  CBF=  the  cerebral  blood  flow;  Qt=  the  amount  of  gas 
consumed  by  the  brain  in  time  t;  A-V  =  the  arterio-venous  difference  of 
the  gas  expressed  as  volume  per  cent;  and  t=  time  in  minutes.  When  ap¬ 
plied  to  the  cerebral  circulation  blood  flow  is  obtained  as  the  ratio 
between  the  uptake  of  nitrous  oxide  per  unit  time  and  the  arterio-ve¬ 
nous  difference  across  the  cerebral  circulation.  The  subject  breathes 
a  low  concentration  of  nitrous  oxide  for  ten  minutes  and  simultaneous 


blood  samples  of  cerebral  venous  and  arterial  blood  are  taken  and  ana- 
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lyzed.  Venous  "blood  is  obtained  through  an  indwelling  19  gauge  needle 
in  the  superior  bulb  of  the  right  internal  jugular  vein  and  arterial 
blood  samples  are  taken  from  one  femoral  artery.  A  Van  Slyke-Keil  mano- 
metric  apparatus  was  used  to  analyze  blood  samples  for  nitrous  oxide. 

"In  these  analyses  nitrous  oxide  —  was  —  not  determined  as  such  but 
as  residual  gas  after  absorption  of  oxygen  and  carbon  dioxide."  The 
breathing  mixture  consisted  of  nitrous  oxide  in  oxygen  (no  nitrogen 
present)  thus  reducing  any  possibility  of  error  in  analyzing  the  ni¬ 
trous  oxide  content  due  to  the  presence  of  hitrogen.  The  subject  was 
ventilated  with  100%  0^  for  20  minutes  prior  to  the  experiment  to  re¬ 
duce  the  blood  nitrogen  content. 

When  this  method  was  applied  to  human  subjects  the  following  re¬ 
sults  were  reported  (55 )s  (a)  both  active  and  passive  hyperventilation 
were  accompanied  by  consistent  decreases  in  CBR  averaging  52  and  56% 
respectively,  (b)  inhalation  of  5-7 %  CO^  produced  consistent  increases 
in  the  CBF  averaging  75 %  and  (c)  high  concentrations  of  inspired  O2 
was  followed  by  a  12%  decrease  in  CBF.  These  results  were  all  due  to 
changes  in  the  cerebrovascular  resistance  because  changes  in  blood  pres¬ 
sure  were  small  or  inconsistent.  In  1946  Kety  and  Schmidt  (54)  refer 
to  previous  work  on  the  CBF  in  humans  from  which  the  claim  is  made  that 
hyperventilation  results  in  vasoconstriction  of  the  cerebral  vessels 
(12)  (45)  (l7)*  These  claims  are  all  open  to  criticism  because  of  the 
methods  used  (l9)o  They  then  studied  the  effects  of  moderate  hyper- 
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ventilation  on  CBF  in  five  normal  young  men.  Cerebral  blood  flov/  was 
measured  by  the  nitrous  oxide  method.  Their  results  "support  the  belief 
that  cerebral  vasoconstriction  is  one  of  the  important  results  of  hyper¬ 
ventilation.  " 

Geiger  and  Magnes  did  experiments  on  the  isolated  brain  of  cats 
(16).  Contrary  to  expectations,  they  reported  that  none  but  extreme 
changes  in  CO^  tension  or  other  changes  in  the  blood  pH  had  any  effect 
on  CBF  (e.g.  addition  of  HaHCC^  or  lactic  acid).  This  might  support 
other  work  which  indicates  that  oxygen  is  the  important  CBF  regulator. 

In  1948  Kety  ancl  Schmidt  reported  modifications  of  their  origi¬ 
nal  nitrous  oxide  method  for  determining  CBF  (35) •  Substantial  evidence 
to  prove  the  validity  of  their  method  was  given  (viz.  "the  fundamental 
assumptions  on  which  the  method  is  based  have  been  subject  to  experimen¬ 
tal  verification").  In  monkeys,  results  from  the  nitrous  oxide  method 
compared  excellently  with  direct  flow  measurements.  Modifications  of 
the  method  used  for  analysis  of  blood  samples  for  nitrous  oxide  (50) 
are  reported  with  reference  to  a  publication  by  Kety  (29), 

Using  this  modified  method  (36)  they  reported  that  small  concen¬ 
trations  of  CO^  (5-7$)  in  the  inhaled  air  caused  an  average  increase 
in  CBF  of  75$  while  high  0^  (85-100$)  resulted  in  a  decreased  CBF 
of  13$,  Hypoxia  (10$©^  in  N2)  was  followed  by  a  35$  increase  of  CBF, 

In  the  above  experiments  the  systemic  arterial  blood  pressure  increased 
with  inhalation  of  5-7$  CO^  and  with  high  0 2  but  fell  slightly  during 
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hypoxia.  Considering  these  changes  in  blood  pressure  they  believe  that 

the  changes  in  CBF  were  due  primarily  to  active  diameter  changes  of  the 

cerebral  vessels.  "Calculation  of  cerebro-vascular  resistance  — -(by 

the  nitrous  oxide  method)  — -  indicates  that  in  every  case  the  change  in 

blood  flow  —  (was)  — -  due  to  a  change  in  the  vascular  resistance  of 

the  brain."  It  is  also  mentioned  that  vasoconstriction  resulting  from 

hyperventilation  with  85-100/&  0o  could  be  secondary  to  low  P  asso— 

d  cu2 

dated  with  this  condition. 

In  1950,  Kety  apparently  reverses  his  earlier  opinion  that  oxygen 
lack  is  a  more  powerful  cerebral  vasodilator  than  hypercapnea  (50). 

"1  "fc  0  Y* 

This"  view  is  in  agreement  with  the  findings  of  most  investigators. 

Henry,  Gauer,  Kety  and  Kramer  in  1951  reported  on  "factors  main¬ 
taining  cerebral  circulation  during  gravitational  stress"  (25).  Three 
trained  men  were  used.  They  indicated  that  the  venous  pressure  was 
only  of  importance  in  influencing  the  CBP  under  conditions  of  accelera¬ 
tive  stress.  Under  this  condition  it  acted  to  maintain  "the  arterio¬ 
venous  pressure  differential,  or  by  producing  a  combination  of  such  an 
effect  with  passive  cerebral  vasodilatation." 

Cerebral  venous  pressure  is  also  important  because  of  its  effect 
on  cerebrospinal  fluid  pressure.  Several  investigators  have  reported 
that  cerebrospinal  fluid  pressure  changes  with  and  in  the  same  direc¬ 
tion  as  the  cerebral  venous  blood  pressure  (57)  (50)  (7)*  Both  can  in¬ 
fluence  the  CBP  by  acting  through  two  separate  means  (see  p.  ^4) .  'I'his 
emphasizes  the  importance  of  constant  venous  pressure  in  animal  experi- 
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ments  in  which  deductions  about  CBF  are  based  on  changes  in  cerebral 
volume,  pressure  or  resistance.  This  precaution  of  keeping  venous 
pressure  constant  was  not  observed  in  most  of  the  previous  animal 
experiments,  even  in  the  decapitate  preparations  where  a  donor  animal 
was  used  to  perfuse  the  isolated  head.  In  such  preparations,  if  a 
constant  venous  pressure  is  not  maintained,  the  pressure  gradient  along 
which  the  cerebral  blood  moves  may  change  considerably.  Pressure  exerted 
upon  the  cerebral  vessels  by  the  cerebrospinal  fluid  would  change  in  a 
like  direction.  Changes  of  this  nature  could  cause  erroneous  interpre¬ 
tation  of  experimental  results. 

In  1952,  Schienberg  and  Jayne  conclude  that  the  determining 
factor  regulating  the  CBF  in  the  absence  of  marked  changes  in  arterial 
blood  pressure  is  blood  pH,  which  changes  with  the  C0o  tension  (55). 
Supporting  this  they  point  out  that  in  severe  diabetic  acidosis  there 
is  a  decreased  blood  pH  but  also  a  striking  reduction  in  blood  CO^ 
tension.  This  condition  is  accompanied  by  an  increased  CBF*  In  fur¬ 
ther  support  reference  is  made  to  observations  of  other  investigators. 
While  studying  oxygen  toxicity  in  man,  Lambert sen,  et  al„  found 

that  increased  blood  P  induced  by  breathing  high  Op  concentration 

C2 

mixtures  resulted  in  cerebral  vasoconstriction  and  decreased  CBF  (58), 
However,  whether  the  changes  in  CBF  were  primarily  caused  by  the  action 
of  high  p0o  per  se  or  by  changes  in 


or  pH  associated  with  this 


condition  was  not  determined.  Cerebral  blood  flow  and  cerebral  vascu¬ 
lar  resistance  were  calculated  using  the  nitrous  oxide  method. 

In  1953 »  Schieve  and  Wilson  (56)  published  results  contradic¬ 
tory  to  conclusions  of  Schienberg  and  Jayne  (55) «  Both  groups  refer  to 
work  of  Kety  in  support  of  their  conclusions.  Changes  in  CYR  in  experi¬ 
mental  alkalosis  and  acidosis  were  studied.  The  nitrous  oxide  method 
was  used  to  measure  CBF  in  human  subjects.  Here,  metabolic  acidosis  and 
alkalosis  resulted  respectively  in  cerebral  vasoconstriction  and  vaso¬ 
dilatation.  When  coupled  with  Kety1 s  work  (50)  Schieve  and  Wilson  re¬ 
sults  show  that  in  the  absence  of  anoxia,  the  cerebral  vascular  tone  is 
more  closely  related  to  total  CC^  content  of  arterial  blood  than  to  ar¬ 
terial  pH  levels. 

In  Kety’s  paper  referred  to  above  the  following  is  stated;  "in 
diabetic  coma  the  hydrogen  ion  concentration  increases,  C0o  tension  de¬ 
creases  —  (but  there  is)  —  still  a  good  deal  of  vasodilatation,"  This 
statement  does  not  appear  to  support  the  conclusions  of  Schieve  and  Wil¬ 
son  „ 

Patterson,  et  al.  in  1955  studied  the  "threshold  of  response  of 
the  cerebral  vessels  of  man  to  increase  in  blood  carbon  dioxide"  (52). 
Cerebral  blood  flow  was  measured  by  the  nitrous  oxide  method.  Increa¬ 
ses  in  arterial  C0o  tension  of  less  th an  4*5  ism.  Hg  were  without  vascu¬ 
lar  effect,  but  changes  above  this  level  caused  progressive  vasodilata¬ 
tion.  Inhalation  of  5«5%  00^  increased  CEP  10 fo  with  little  change  in 
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blood  pressure.  Five  per  cent  CO^  inhalation  produced  considerably 
more  dyspnea  than  did  three  and  one  half  per  cent  CO^  and  also  increased 
the  blood  pressure. 

In  1957  Turner,  et  al.  studied  the  effects  of  Pn  upon  the  CBF 

U2 

and  CVR  (67)0  Alveolar  P_  was  maintained  at  43  mm.  Hg.  in  each  of 

°°2 

the  six  human  subjects  used.  Cerebral  blood  flow  and  cerebral  vascu¬ 
lar  resistance  were  determined  by  the  nitrous  oxide  method.  They  re¬ 
ported  "in  the  absence  of  significant  alterations  of  alveolar  or  arter¬ 
ial  P  n  ,  80 $  0o  produced  no  change  in  brain  circulation  or  cerebral 

2 

vascular  resistance  from  control  levels  obtained  during  21 $  oxygen 
breathing."  They  suggested  the  vasoconstriction  normally  associated 
with  high  oxygen  inhalation  is  predominantly  an  indirect  effect,  se¬ 
condary  to  arterial  hypocapnea.  Breathing  a  low  oxygen  mixture  (8%) 
resulted  in  cerebral  vasodilatation,  a  29 jo  decrease  in  cerebrovascular 
resistance,  and  a  36$  increase  in  CBF.  This  demonstrated  the  effect 
of  hypoxia  without  the  antagonistic  effect  of  hypocapnea. 

In  1953  Malette  reported  on  "cerebral  anoxia  resulting  from  hy¬ 
perventilation"  (45) •  A  series  was  completed  using  ten  dogs.  Cerebral 
venous  blood  was  sampled  from  the  sagittal  sinus;  blood  flow  was  mea¬ 
sured  by  the  nitrous  oxide  method;  oxygen  and  carbon  dioxide  contents 
were  determined  using  van  Slyke’s  method,  and  blood  pH  was  measured. 

The  author  concluded  that  previously  demonstrated  brain  tissue 
hypoxia  when  hyperventilating  on  100$  0^  was  due  not  only  to  the  reduced 
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■blood  flow  which  is  observed  in  every  case,  but  also  to  the  effect  which 
Bohr  demonstrated  in  1940,  viz.  that  alkaline  Hb  resist  the  release 
of  bound  oxygen. 

In  1959  Lambertsen,  et  al.  reported  on  respiratory  and  cerebral 
control  during  exercise  at  various  atmospheres  of  inspired  oxygen  (40). 
Cerebral  blood  flow,  cerebral  vascular  resistance  and  oxygen  consump¬ 
tion  were  estimated  by  the  nitrous  oxide  method.  "Hyperventilation 
during  exercise  did  not  alter  the  CBF  or  CVR."  They  found  good  cor¬ 
relation  between  changes  in  arterial  Pnn  and  the  CVR.  This  supports 

C°2 

the  thesis  that  blood  Pn  is  the  physiological  determinant  of  the  CVR. 

C°2 

The  CVR  could  not  be  correlated  with  changes  of  any  "of  the  jugular 

venous  acid-base  parameters."  This  indicated  that  the  mean  rate  of 

CBF  was  not  determined  "by  the  needs  of  brain  tissue  for  oxygen  or 

for  elimination  of  metabolites." 

In  their  final  analysis  they  support  the  belief  of  Bayliss  and 

Hill  (2)  in  that  the  CBF  is  passively  controlled.  "Regulation  of  mean 

cerebral  vascular  tone,  primarily  through  the  response  to  changes  in 

arterial  P  implies  that  cerebral  blood  flow  is  passively  and  indi- 
C02 

rectly  determined  by  the  activity  of  the  respiratory  centers."  They 
suggest  that  an  increase  in  the  central  PpQ  or  hydrogen  ion  concentra¬ 
tion  would  stimulate  respiration  which  would  result  in  arterial  hypo- 
capnea  and  cerebral  vasoconstriction.  In  support  of  this  thesis,  re¬ 
ference  is  made  to  earlier  papers  of  Lambertsen  (38)  (39). 
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Recently,  Lewis,  Sokoloff,  et  al.  described  a  new  method  nfor 

the  continuous  measurement  of  cerebral  blood  flow  in  man"  (44) •  They 

point  out  that  both  the  nitrous  oxide  (35)  and  the  Krypton-85  method 

(42)  require  a  steady  state  of  at  least  ten  minutes  before  the  CBF 

can  be  determined.  "These  methods  are,  therefore,  not  applicable  to 

the  study  of  rapid  or  transient  changes  in  cerebral  blood  flow. "  Their 

method,  like  the  nitrous  oxide  method,  is  based  on  the  Sick  principle. 

.  79. 

Gamma  -radiation  of  Krypton-79  (Kr  )  is  measured  through  the  intact 
skull  of  man  which  allows  the  investigators  to  follow  rapid  and  tran¬ 
sient  changes  in  CBF  which  would  go  undetected  if  a  ten  minute  steady 
state  were  required  before  measurements  could  be  made. 

During  the  two  trials  in  which  the  subject  inhaled  7 %  CC^ ,  the 
CBF  increased  from  700  to  1350  ml/min.  after  a  two  minute  latent  period 
and  from  850  to  1800  ml/min.  after  a  three  minute  latent  period.  Hy¬ 
perventilation  with  100%  0^  resulted  in  a  small  transient  rise  between 
the  second  and  third  minute  followed  by  a  striking  fall  in  CBF  from 
1300  to  approximately  600  ml/min.  within  a  seven  minute  period.  Hy¬ 
perventilation  with  room  air  caused  a  small  rise  for  one  minute  fol¬ 
lowed  by  a  decrease  of  approximately  575  ml/min.  during  the  seven  mi¬ 
nutes  the  flow  changes  were  followed. 

This  method  should  prove  to  be  extremely  useful  in  allowing  in¬ 
vestigators  to  follow  instantaneous  changes  in  the  CBF  of  man  which 


before  have  been  unm e astir eable. 
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Concluding  Remarks: 

Hie  question  of  direct  nerve  influence  on  the  cerebral  vessels 
has  been  reviewed,,  Although  several  investigators  have  demonstrated  that 
nerve  stimulation  results  in  active  diameter  changes  in  the  pial  ar¬ 
teries,  it  should  be  noted  that  this  response  is  usually  weak  and  in¬ 
consistent.  It  has  been  aptly  stated  by  Sokoloff  and  Hety  (66)  that 
there  is  little  definite  evidence  of  nervous  regulation  of  the  cerebral 
vessels. 


The  majority  of  authors  reviewed  agree  that  increasing  the  ar¬ 
terial  blood  C0o  content  (or  tension)  and  the  hydrogen  ion  concentra- 

C. 

tion  by  any  means  results  in  an  increased  CBF  and  vice  versa*  It  is 
generally  held  that  this  phenomenon  is  caused  by  a  decrease  in  cerebral 
vascular  resistance  that  is  due  primarily  to  active  cerebral  vasodila¬ 
tation.  There  is  less. agreement  as  to  the  agent  directly  responsible 
for  this  vasoactivity ,  Many  investigators  feel  that  C0o  acts  directly 
upon  the  cerebral  vessels  and  that  the  concurrent  changes  in  pH  are 
secondary.  Others  subscribe  to  the  theory  that  arterial  blood  pH  is 
the  more  important  factor  and  some  believe  that  the  arterial  blood  0o 


tension  is  of  prime  importance  in  regulating  CEF0  Although  experimen¬ 
tal  evidence  can  be  interpreted  to  support  each  of  these  hypotheses, 
only  time  and  further  experimentation  will  reveal  the  exact  mechanism 
that  is  directly  responsible  for  the  vasoactivity  of  the  cerebral  ves¬ 
sels.  To  supply  more  evidence  concerning  these  questions  and  in  particular 
because  the  work  of  Heath  and  Fash  (24)  in  the  dog  suggested  different  res¬ 


ponses  to  those  in  man  the  project  outlined  below  was  undertaken 


C 


( 


THEORETICAL  BASIS 


Each  series  presented  in  this  paper  was  "based  on  the  relation¬ 
ship  AP  =  FR  (AP  =  the  pressure  drop  across  the  cerebral  vascular  bed; 

F  =  cerebral  blood  flow;  R  =  cerebral  vascular  resistance).  In  our  ex¬ 
periments  the  cerebral  blood  flow  was  maintained  constant  with  a  Sigma- 
motor  pump  which  has  been  tested  to  give  a  constant  flow  under  similar 
experimental  conditions  (23).  This  being  the  case  any  change  in  re¬ 
sistance  is  immediately  reflected  as  a  change  in  like  direction  of  ce¬ 
rebral  blood  pressure. 

It  is  emphasized  that  any  uncontrolled  or  unrecognized  variable 
which  augments  or  reduces  the  cerebral  blood  flow,  would  cause  pressure 
fluctuations  not  dependent  on  active  diameter  changes  of  the  cerebral 
vessels. 

It  should  also  be  pointed  out  that  changes  in  resistance  could 
result  from  changes  in  vascular  diameter  or  from  other  factors  in  the 
Poiseuille  equation.  These  facts  must  be  kept  in  mind  when  interpreting 
experimental  results  since  it  is  assumed  that  any  change  in  pressure 
is  due  only  to  a  change  in  the  diameter  of  the  cerebral  vessels. 
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METHODS 


General ; 

A  total  of  46  mongrel  dogs  of  "both  sex  ranging  in  weight  from 
9  to  26  kilograms  was  used  in  the  experiments  reported  in  this  the¬ 
sis.  Sodium  pentothal  (3O  mg/Kg  of  body  weight)  was  used  in  all  groups 
except  number  three  in  which  nembutal  (30  mg/Kg  of  body  weight)  was  the 
anesthetic.  Heparin  (approximately  0.3  mg/Kg  of  body  weight)  was  given 
after  completion  of  the  surgery  and  at  various  intervals  during  the  ex¬ 
periment  in  sufficient  doses  to  prevent  clotting  in  the  perfusion  ap¬ 
paratus  and  indwelling  cannulae. 

In  each  group  the  perfusion  pump  was  set  to  produce  a  pressure 
approximating  the  normal  blood  pressure  of  the  animal  under  study. 

Blood  samples  were  taken  at  five  or  ten  minute  intervals  throughout 
the  experiment  and  the  pH  measured  with  a  Beckman  model  GS  or  H2  pH 
meter. 

All  pressure  recordings  were  made  by  means  of  Statham  pres¬ 
sure  transducers  and  either  a  Sanborn  twin  viso  recorder,  a  cathode- 
ray  occilograph  (Electronics  for  Medicine),  or  a  nine  channel  galvano¬ 
meter  seismograph  recorder  (Schlumberger) .  The  strain  gauges  were  cali¬ 
brated  against  a  mercury  manometer,  and  at  intervals  during  the  experi¬ 
ment  zero  drift  was  checked  by  opening  the  gauge  to  atmospheric  pres¬ 
sure. 

The  femoral  vein  was  cannulated  in  each  dog  and  \ised  for  admini- 
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stration  of  supplemental  doses  of  anesthetic  and  heparin.  Other  cannu- 
lations  and  catheterizations  are  described  in  detail  in  the  individual 
group  methods. 

The  amount  of  vasoactive  substances  which  accumulated  during  the 
course  of  an  experiment  was  assessed  by  measuring  the  elevation  of  a 
Hamster’s  blood  pressure  caused  by  injections  of  dog’s  plasma.  The 
changes  in  blood  pressure  resulting  from  such  injections  were  compared 
against  the  effects  of  known  amounts  of  nor-adrenaline.  Samples  were 
taken  and  analyzed  at  the  beginning,  middle  and  end  of  several  experi¬ 
ments.  According  to  these  assays,  vasoactive  substances  did  not  accu¬ 
mulate  significantly  during  the  experiments.  It  should  be  pointed 
out  that  this  method  is  not  completely  reliable  for  determining  the 
amount  of  vasoactive  substances  in  blood  plasma  (47)  but  it  is  included 
as  a  crude  indication  of  the  accumulation  of  these  substances.  The  se¬ 
lected  level  of  cerebra.1  blood  flow  (CBF)  was  measured  at  the  end  of 
each  experiment  in  groups  four  through  seven  by  collecting  blood  from 
the  perfusion  pump  for  one  minute.  This  flow  ranged  from  approximately 
20  to  80  ml/minute. 
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Figure  1 

PHOTOGRAPH  OF  COLORED  LATEX  INJECTED  DOG  BRAIN 

This  photograph  is  of  the  central  aspect  of  the  dog’s  "brain 
used  in  experiment  number  SI  (group  j).  It  is  apparent  that  all  visi¬ 
ble  areas  of  the  cortex  and  hind-brain  were  well  perfused.  Since 
colored  latex  solution  is  present  in  the  ligated  vessels  shown  and  in 
extracerebral  tissue,  connections  between  the  intra  and  extracerebral 
circulation  probably  existed.  Heads  from  other  experiments  were  trea¬ 


ted  in  the  same  manner  with  similar  results 
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The  reactivity  of  each  brain  in  the  last  four  groups  was  qua¬ 
litatively  assessed  by  two  methods:  l)  the  CO^  content  was  abruptly 
increased  or  decreased.  In  the  reactive  brain  this  was  followed  by  an 
immediate  cerebral  blood  pressure  change.  2)  a  minute  quantity  of 
nor-adrenaline  (lcc  of  a  0.01  microgram/ml  solution^  was  added  to  the 
perfusate.  This  always  resulted  in  a  sudden,  large  increase  in  cere¬ 
bral  arterial  pressure. 

At  the  conclusion  of  several  experiments  a  colored  latex  so¬ 
lution  was  injected  into  the  brain  to  show  the  cortical  areas  which 
were  actually  perfused,  Figure  1  is  the  ventral  a spect  of  a  dog's 
brain  illustrating,  that  all  visible  areas  were  well  perfused.  Since 
latex  filled  the  ligated  branches  of  the  carotid  arteries  it  must  be 
presumed  that  connections  between  the  intra  and  extracerebral  circula¬ 
tion  existed.  Retrograde  flow  from  the  intracerebral  circulation  andA 
or  flow  from  anastomotic  branches  of  the  internal  carotid  arteries 
were  responsible  for  this  (l). 

In  one  experiment  (No.  66;  Group  7)  "the  arterial  COg  content 
was  measured  directly  using  a  Usher  Clinical  Gas  Partitioner.  The 
values  obtained  were  lower  than  in  normal  blood  because  Dextran  had 
been  used  to  supplement  the  animal's  blood  volume.  This  led  to  a 
reduced  hemoglobin  concentration  and  hence  a  lower  CO^  capacity. 

Larnygeal  or  thoracic  respiratory  movements  were  recorded  using 
Baldwin st rain  gauges  cemented  to  a  bronze  strip  (see  Fig.  10 ), 

*  Baldwin— Lima— Hamilton  Corp.,  Philadelphia,  Pa. 
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SURGICAL  PREPARATION  OF  THE  DOG 
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Figure  2 

DIAGRAM  SHOWING  THE  SURGICAL  PREPARATION  USED  IN  GROUP  1 

'  S' 

All  vessels  shown  are  arteries.  Cannulations  were  made  as  indi¬ 
cated  on  the  diagram.  Although  the  external  carotid  arteries  appear 
to  he  patent  all  branches  were  ligated  and  the  main  external  carotid 
was  cannulated  for  pressure  recording  purposes. 
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Group  1; 

The  surgical  preparation  is  shown  in  Fig,  2.  After  thoracotomy 
the  left  subclavian  and  brachiocephalic  arteries  were  isolated,  the  lat¬ 
ter  provided  with  a  loose  snare  close  to  its  origin  from  the  aorta. 

After  completion  of  the  surgical  preparation  this  could  be  tightened 
to  eliminate  all  inflow  to  the  carotids  and  right  vertebral  arteries. 

The  left  subclavian  artery  was  ligated,  transected  and  cannulated  just 
central  to  the  origin  of  the  left  vertebral  artery.  Blood  from  this 
artery  supplied  the  cerebral  perfusion  pump.  The  right  subclavian  ar¬ 
tery  was  ligated  just  distal  to  the  origin  of  the  right  vertebrae  ar¬ 
tery.  The  right  common  carotid  artery  was  transected,  and  inflow  can- 
nulae  inserted  in  both  directions.  During  this  time  the  cerebral  cir¬ 
culation  was  supplied  by  the  right  subclavian  and  left  carotid  arteries. 
Neither  the  left  common  carotid  artery  nor  the  superior  thyroid  arteries 
were  ligated  or  otherwise  disturbed. 

After  completion  of  these  preparations,  blood  was  taken  from 
the  stump  of  the  left  subclavian  artery,  passed  through  the  perfusion 
pump  and  returned  via  the  right  common  carotid  to  both  internal  carotids 
and  the  right  vertebral  arteries.  This  blood  also  passed  through  a 
filter-bubble  trap  which  was  maintained  at  39°  C.  in  a  water  bath.  Ve¬ 
nous  blood  was  returned  to  the  body  through  its  normal  channels  which 
were  not  disturbed  (viz.  the  external  jugular  veins  and  spinal  venous 
sinuses) . 
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Blood  could  enter  this  circuit  without  passing  through  the  in¬ 
flow  pump  via  the  ventral  spinal  artery.  Its  flow  is  normally  caudad, 
hut  can  easily  he  reversed  to  flow  into  the  hrain  (49)*  The  magnitude 
of  this  supply  was  crudely  assessed  hy  shutting  off  the  pump  for  J0-60 
seconds.  If  the  carotid  pressure  fell  to  low  values  and  no  arterial 
pulse  was  evident  it  was  assumed  that  the  contribution  from  this  source 
was  negligible. 

The  dogs  were  ventilated  using  a  positive  pressure  respirator 
featuring  an  A14  oxygen  regulator  which  limited  the  maximum  pressure 
of  gas  delivered  to  less  than  JO  cm  of  water.  Consequently,  this  res¬ 
pirator  was  pressure  limited  rather  than  delivering  a  constant  volume 
regardless  of  the  pressure  which  developed  within  the  respiratory  pas¬ 
sageways.  It  was  felt  that  mechanical  effects  on  intrathoracic  blood 
flow  would  be  less  when  a  pressure  limited  system  was  used  than  with 
a  volume  limited  one. 

These  dogs  were  hyperventilated  at  a  constant  minute  volume 
throughout  the  whole  experiment.  During  this  hyperventilation  blood 
CO^  tension  and  pH  were  altered  by  abruptly  switching  between  three 
breathing  mixtures.  These  mixtures  we  re  pure  oxygen,  2  j?j>  CO^  in  oxy¬ 
gen  and  5 %  CO  in  oxygen. 

Systemic  arterial  pressure  was  measured  from  one  femoral  artery; 
cerebral  arterial  pressure  was  recorded  from  a  cannula  with  its  tip  in 


the  carotid  bifurcation 
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Group  2: 

This  group  consisted  of  four  chronic  animals,  i.e.  the  thoracic 
surgery  was  performed  one  week  prior  to  the  experimental  date.  The 
right  and  left  subclavian  arteries  were  ligated  as  in  the  previous 
group.  A  loose  snare,  enclosed  within  a  polyethelene  tube,  was  placed 
around  the  brachiocephalic  artery,  its  ends  passed  between  the  third 
and  fourth  rib  and  embedded  under  the  skin.  The  thoracotomy  was  re¬ 
paired  and  the  animal  allowed  to  recover  for  one  week.  On  the  experi¬ 
mental  day  the  neck  surgery  was  identical  to  that  of  group  one  except 
that  perfusion  blood  was  picked  up  from  one  femoral  artery  instead  of 
the  left  subclavian  stump.  After  cerebral  perfusion  was  established  the 
brachiocephalic  artery  snare  was  tightened  and  the  experimental  pro¬ 
cedure  begun. 

These  animals  were  continuously  hyperventilated  using  a  Drinker 
respirator,  breathing  mixtures  being  altered  as  in  the  previous  group. 

It  was  felt  that  positive-negative  pressure  ventilation  in  the  Drinker 
would  approximate  normal  ventilatory  conditions  better  than  the  open- 
chest  positive  pressure  ventilation  used  in  group  one. 

As  in  group  one  the  ventral  spinal  artery  was  patent.  Values 


obtained  when  the  cerebral  perfusion  was  stopped  are  shown  in  table  1. 
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SELECTED  EXEES&MEETAI,  RECORDS  FROM  GROUP  2 

These  records  show  that  the  systemic  and  cerebral  circulations 
were  not  completely  separate,,  In  experiment  number  25  the  cerebral 
perfusion  was  stopped  ("pump  off”  on  record)  resulting  in  a  fall  in 
the  cerebral  arterial  pressure  (CAP)  to  75  mm,  Kg  while  the  femoral 
arterial  pressure  (PAP)  increased  from  75  to  125  mm.  Kg,  Although  the 
perfusion  pump  is  stopped  faint  pulsations  are  present  in  the  carotid 
pressure  trace.  The  "0"  mark  on  the  record  indicates  zero  readings 
of  the  pressure  transducers 8  Experiment  28  shows  that  both  the  femoral 
and  cerebral  pressure  tracings  exhibit  the  same  fluctuations. 


* 

. 

. 


Table  bo. 1 


Exp. 

No. 

CAP 

(pump  on) 

CAP 

(pump  off) 

FAP 

(pump  on) 

FAP 

(pump  off) 

25 

202 

*80 

70 

120 

27 

90 

*43 

55 

67 

Fressures  are  in  mm.  Hg. 

-  Rhythmic,  damped  pulsations  of  the  trunk  pressure  trace  are  feflec- 
ted  in  the  cerebral  pressure  trace. 

Portions  of  original  record  from  experiments  25  and  28  are  shown  in 
Pig.  5. 

Group  5t 

To  obtain  a  more  complete  isolation  of  the  cerebral  circulation 
a  procedure  similar  to  one  described  by  Polet  and  De  Schaepdryver  (53) 
was  adopted  to  ligate  the  ventral  spinal  artery  and  occlude  the  spi¬ 
nal  venous  sinuses. 

Following  laminectomy  the  spinal  cord  was  exposed  for  its  length 
in  the  first  and  second  vertebrae.  To  prevent  sudden  decompression  of 
the  medulla  oblongata  into  the  foramen-magnum  a  small  amount  of  cere¬ 
brospinal  fluid  was  slowly  withdrawn  through  a  26  gauge  needle.  After 
incising  the  dura  mater  for  three  to  four  inches,  the  spinal  cord  was 
lifted  and  the  ventral  spinal  artery  ligated.  Occlusion  of  the  venous 
sinuses  was  accomplished  by  pressing  a  brass,  rubber  covered,  U-shaped 
clamp  into  the  lower  half  of  the  exposed  vertebral  column. 
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Seven  animals  were  used  and  in  all  of  these  "blood  pressure  fell 
during  the  surgery  or  before  useful  measurements  could  he  made,  with 
fatal  consequences  in  each  case.  In  two  death  was  caused  by  excessive 
hemorrhage  during  the  laminectomy  but  in  most  it  was  believed  that 
ischemia  of  the  vasomotor  centers  had  occurred.  The  last  experimental 
preparation  initially  appeared  successful  but  the  animal  died  from  car¬ 
diac  and  respiratory  arrest  which  occurred  simultaneously,  shortly 
after  completion  of  the  surgery. 

This  approach  was  abandoned  and  a  procedure  was  developed  which 
allowed  perfusion  of  a  decapitate  head  by  a  mechanical  system. 

Group  4? 

This  approach  was  similar  to  that  used  in  group  one  except  the 
chest  was  not  opened.  Both  common  carotid  arteries  were  isolated  for 
most  of  their  length  in  the  neck;  the  superior  thyroid  arteries  were 
ligated.  The  carotid  bifurcations  were  isolated;  the  external  carotid 
arteries  and  all  branches  were  tied  except  the  internal  carotids.  One 
branch  of  the  external  carotid  artery  was  cannulated  for  pressure  re¬ 
cording.  Loose  snares  were  secured  around  each  vertebral  artery  low 
in  the  neck.  While  the  brain  was  being  perfused  through  the  vertebrals 
and  one  common  carotid  artery,  the  other  carotid  was  cannulated  and  per¬ 
fusion  esta.blished.  if  ter  cannulation  of  the  second  carotid  the  verte¬ 
bral  artery  snares  were  tightened  thus  completely  occluding  them  and 
halting  their  flow  to  the  brain.  The  perfusion  blood  was  picked  up 
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from  one  femoral  artery  of  the  same  dog.  This  passed  through  a  filter- 
hubhle  trap  enclosed  within  a  thermostatically  controlled  water  hath 
at  41°  centigrade  and  into  the  brain  through  a  Sigma— motor  finger  pump. 

The  animals  were  ventilated  with  a  pressure  regulated,  positive 
pressure  type  respirator  as  in  group  one.  However,  a  negative  phase 
was  introduced  into  the  system  by  attaching  a  vacuum  cleaner  loosely  to 
the  expiration  valve.  An  anesthetic  machine  was  used  as  a  gas  mixing 
■unit  to  alter  the  inhaled  CO^  concentration  by  small  increments  over 
the  range  0%  to  about  10%  CO^  in  the  breathing  oxygen.  In  this  and  the 
following  groups,  the  concentration  of  CO^  in  0^  was  monitored  continu¬ 
ously  with  a  Harvard  Critical  Orifice  CO^  analyzer. 

Hyperventilation  was  maintained  at  a  constant  rate  (e.g.  40 
cp/vt)  to  ensure  that  mechanical  conditions  did  not  vary  throughout  the 
experiment.  Hence,  hemodynamic  changes  from  this  source  should  be 
absent. 

After  setting  the  respirator  the  gas  mixture  was  adjusted  to  a 
point  where  a  normal  arterial  pH  value  near  7»4  was  measured.  The  con¬ 
centration  of  CO^  in  was  decreased  to  give  a  respiratory  alkalosis; 
Increasing  it  resulted  in  acidosis. 

In  this  group  the  ventral  spinal  artery  was  patent.  As  pointed 
out  above  (p.2>)  its  flow  can  supply  the  cerebral  circulation.  Data 
obtained  when  the  pump  was  stopped  are  shown  below  in  table  2. 
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Table  2 


jbjxp. 

No. 

CAP 

(pump  on) 

CAP 

(pump  off) 

PAP 

(pump  on) 

FAP 

(pump  off) 

Difference 

(Cer-Pem) 

38 

175 

*32 

90 

128 

96 

39 

138 

45 

118 

150 

85 

42 

144 

*39 

97 

104 

65 

43 

100 

48 

120 

120 

72 

Pressures  are  in  mm.  Eg 

-  Very  faint  pulsations  observed  in  the  carotid  pressure  trace. 

Since  the  pressure  levels  in  the  cerebral  circuit  fell  to  half 
their  previous  value  or  less,  and  a  considerable  difference  was  main¬ 
tained  between  cerebral  and  femoral  pressure,  it  was  assumed  that  any 
effect  mediated  through  the  spinal  connections  must  be  small.  The  vali¬ 
dity  of  this  assumption  now  appears  to  be  questionable. 

Group  5* 

In  this  group  an  attempt  was  made  to  make  the  "isolated  head 
preparation"  less  dependent  upon  changes  in  the  body  of  the  same  ani¬ 
mal.  Blood  CO^  tension  was  varied  in  a  "donor"  animal  which  was  then 
used  as  a  blood  reservoir  and  to  supply  oxygenated  blood  to  the  experi¬ 


mental  head.  Under  these  conditions  blood  pH  changes  in  the  receiver 
dog's  body  should  be  minimized  or  actually  reversed  due  to  the  operation 
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of  respiratory  reflexes  in  the  experimental  animal  (see  Fig.  8). 

The  influence  of  the  latter  mechanism  could  not  have  affected  the  re¬ 
sults  in  two  of  these  experiments  because  cardiac  arrest  occurred 
early  in  the  procedure.  In  these  cases  the  trunks  were  without  blood 
pressure  and  essentially  lifeless.  Nevertheless,  the  heads  always 
remained  reactive,  exhibiting  eye  reflexes  and  reflex  responses  of 
the  respiratory  muscles  in  the  head  to  blood  pH  changes. 

Anastomoses  between  the  "donor * s" trunk  and  "receiver"  dog’s 
head  were  made  as  follows:  one  common  carotid  artery  of  the  donor  was 
cannulated  and  used  to  supply  arterial  blood  to  the  experiments!  head 
via  a  perfusion  pump.  Venous  blood  was  returned  from  both  external 
jugular  veins  of  the  receiver  dog  to  one  external  jugular  of  the  do¬ 
nor.  Venous  blood  pressure  was  recorded  from  the  jugular  vein  cannula 
in  some  experiments. 

The  donor  dog  was  ventilated  and  the  gas  mixture  altered  as 
in  group  four.  No  attempt  was  made  to  control  or  alter  the  spontaneous 
breathing  pattern  of  the  receiver  dog. 

Group  6: 

Because  it  appeared  in  previous  groups  that  alteration  of  blood 
pH  was  followed  by  a  variable  and  apparently  uncontrolled  response, 
the  following  steps  were  taken  to  obtain  a  truly  isolated  head  prepa¬ 


ration 
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After  surgical  preparation  identical  to  the  one  for  group  five, 
the  receiver  dog's  head  (experimental  head)  was  severed  from  its  body. 

The  spinal  canal  was  plugged  to  prevent  drainage  of  venous  blood  (and 
cerebrospinal  fluid)  from  this  route  and  both  vertebral  arteries  Y^ere 
occluded.  Prior  to  decapitation  two  lengths  of  heavy  gauge  wire  were 
tightened  around  the  neck  just  rostral  to  the  site  of  decapitation. 

This  procedure  closed  most  vessels  in  that  region  and  prevented  venous 
oozing  after  decapitation. 

The  head  was  removed  over  a  funnel  so  that  all  blood  lost  was 
filtered  and  collected.  This,  along  with  blood  taken  from  the  recei¬ 
ver  dog's  body  prior  to  decapitation,  was  used  when  transfusion  ms 
required.  Transfusions  given  to  the  donor  dog  during  the  experimental 
proceedings  should  have  little  influence  on  the  receiver  head  since  the 
inflov;  was  controlled  by  a  pump. 

Group  7i 

Moving  one  step  closer  to  eliminating  all  physiological  variables, 
the  donor  dog  was  replaced  by  a  mechanical  system  including  a  Selas 
blood  oxygenator  and  venous  and  arterial  pumps.  A  diagram  of  this  set¬ 
up  is  shown  in  Fig.  4» 

Afterial  inflow  was  via  the  carotid  arteries;  GAP  was  recorded 
from  the  inflow  tubing  near  the  carotid  arteries.  Instead  of  plugging 
the  spinal  canal,  a  balloon  was  tied  over  the  stump  to  collect  venous 
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Figure  4 

DIAGRAM  OF  TEE  EXPERIMENTAL  SET-UP  IE  GROUP  7 

The  perfusing  "blood  entered  the  cerebral  circulation  via  the 
internal  carotid  arteries*  Tenons  blood  was  returned  from  the  exter¬ 
nal  jugular  veins  and  spinal  venous  sinuses.  The  spinal  artery  also 
contributed  to  the  latter  blood  return.  This  blood  was  collected  in 
a  siliconed  1000  ml  glass  bottle,  pumped  into  an  oxygenator,  through 
a  filter  and  debubbler  and  into  the  brain.  Arterial  blood  pressure 
was  recorded  from  the  inflow  tubing.  This  pressure  is  identical  to 
that  recorded  from  the  carotid  bifurcation  in  the  upper-neck  region. 
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blood  from  the  spinal  sinuses.  This  blood,  as  well  as  any  cerebro¬ 
spinal  fluid  which  leaked  out,  and  blood  from  the  external  jugular 
veins  moved  by  gravity  into  a  venous  reservoir.  In  many  experiments 
the  entire  venous  return,  which  lasted  three  to  four  hours,  was  from 
the  spinal  sinuses,  while  in  others  most  of  the  flow  was  through  the 
jugular  veins. 

Enough  blood  to  partially  fill  the  perfusion  system  (appro¬ 
ximately  500  ml)  was  taken  from  the  dog’s  trunk;  blood  loss  was  repla¬ 
ced  by  Dextran  infusion.  After  establishing  cerebral  perfusion  the 
head  was  removed  as  the  remaining  blood  was  simultaneously  bled  into 
the  venous  reservoir.  The  gas  mixture  supplying  the  oxygenator  was 
altered  as  in  the  donor  dog  in  group  six.  With  sufficient  oxygen  flow, 
a  good  alkalosis  could  easily  be  obtained. 
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EXPERIMENTAL  RESULTS 
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Figure  5 

GRAPHS  OP  GROUP  1  EXPERIMENTS 

These  graphs  show  the  effect  of  altering  the  breathing  mixture 
CO^  content  on  the  carotid  and  femoral  arterial  blood  pressures.  Read¬ 
ing  from  LEFT  to  RIGHT  the  gas  mixture  was  altered  as  follows: 

0  to  2 %j>  C02  in  02;  2%  to  0%  C02  in  02;  0  to  5$  C02  in  02;  and  5  to  0 % 
C02  in  02. 
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Group  1: 

Changes  in  cerebral  and  femoral  arterial  pressures  resulting 
from  alterations  in  the  breathing  mixture  are  illustrated  graphically 
in  figure  3* 

Changing  the  P  was  followed  by  alterations  of  the  arterial 
C02 

blood  pH  in  the  opposite  direction.  Although  measurements  of  blood 

pH  were  made  following  P__  changes,  the  readings  are  all  unreliable 

°°2 

for  reasons  which  are  explained  in  the  discussion  (p .66).  Consequently, 
the  femoral  and  cerebral  arterial  pressures  are  plotted  against  time 
with  reference  to  CO^  alterations  only. 

As  seen  in  the  graphs  (fig.  5)  "the  cerebral  pressure  changes 
are  closely  associated  with  the  dog's  trunk  pressure.  In  view  of  this 
and  the  many  technical  difficulties  mentioned  in  the  discussion  these 
results  have  little  meaning  as  far  as  cerebral  resistance  changes  caused 
by  active  diameter  changes  of  cerebral  vessels  are  concerned. 

Group  2? 

The  results  shown  in  Fig.  6  are  considered  in  two  groups. 

(a)  Increasing  the  concentration  of  COo  in  0^: 

(i)  Switching  the  CO^  from  0 fa  to  3%  (three  trials)  resulted  in 
no  change  of  cerebral  arterial  pressure  (CAP)  in  one,  a 
transient  increase  followed  by  a  fall  in  the  second  and  a 
slight  increase  in  the  third  trial 0 

(ii)  7/hen  the  CO^  was  increased  from  2-§-  to  3%  (four  trials)  the 
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CAP  increased  in  every  case  but  one  in  which  it  fell  slightly. 

(iii)  Increasing  the  CO^  abruptly  from  0  to  2 j?/o  (four  trials)  was 
followed  in  each  case  by  an  increase  in  the  CAP. 

It  should  be  noted  that  in  practically  every  case  the  cerebral 
and  femoral  pressures  change  in  the  same  direction  and  similar  fluctua¬ 
tions  are  exhibited  in  each. 

(b )  Decreasing  the  concentration  of  CO^  in  CU : 

(i)  The  breathing  mixture  was  switched  from  5  to  0fo  CC>2  three 
times.  This  maneuver  resulted  in  a  fall  in  CAP  in  two  and 
no  significant  change  in  one  (llo,  25) •  The  two  falls  were 
followed  by  a  rise  in  arterial  pressure  which  exceeded  the 
control  level.  In  number  27  the  f  emoral  and  cerebral  pres¬ 
sures  changed  in  an  almost  indentical  manner  while  they  di¬ 
verge  in  number  26 0 

(ii)  The  breathing  mixture  was  switched  from  5  to  2 CC^  in  Og 
four  times.  The  CAP  did  not  change  in  three  trials  and  de¬ 
creased  in  one. 

(iii)  The  CO^  was  switched  abruptly  from  2g-  to  Of  CO^  in  C>2  eight 
times.  This  change  was  followed  by  a  decrease  in  CAP  in 
six  while  in  the  other  two  trials  it  did  not  change  signifi¬ 
cantly.  This  fall  was  followed  in  three  to  five  minutes  by 
a  rise  toward  the  control  level  in  all  but  two  trials  (no. 

28).  These  pressure  fluctuations  were  closely  associated 
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•with  changes  in  the  systemic  pressure  in  all  trials  except 
the  two  in  experiment  26.  Here  the  systemic  pressure  conti¬ 
nued  to  fall  in  one  and  changed  in  the  opposite  direction  in 
the  other. 

Conclusions  concerning  active  diameter  changes  in  the  cerebral 
vessels  in  this  group  must  he  treated  similarly  to  group  one  as  the 
same  objections  are  present.  In  summary  it  appears  that  increasing  the 
CC^  increases  both  cerebral  and  femoral  pressures,  irrespective  of  the 
pH  range  over  which  the  increases  occurred.  Decreasing  the  C09  usually 
gave  the  opposite  results  except  when  the  CO^  did  not  fall  below  2 
In  nine  of  the  fifteen  experiments  the  CAP  response  was  biphasic,  i.e., 
following  the  initial  drop  a  rise  was  observed. 

Croup  3? 

Although  it  was  possible  to  tie  the  ventral  spinal  artery  in 
several  dogs,  the  procedure  was  so  traumatic  that  each  animal  died 


before  useful  data  could  be  obtained 


BLOOD  PRESSURE  (mmHg) 


CHRONIC  DOG 


EFFECT  OF  ALTERING  ARtERIAL  BLOOD  PCQz  ON  ARTERIAL  PRESSURES  - 

EXPERIMENTS 
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Figure  6 

GRAPHS  OP  THE  EXPERIMENTS  IN  GROUP  2 

These  plots  show  the  effect  of  altering  the  arterial  "blood 
P  on  the  carotid  and  femoral  arterial  "blood  pressures.  The  top 

COp 

plot  (solid  line)  is  the  GAP  and  the  bottom  (dotted)  the  PAP  in 
each  case.  The  lines  dividing  the  plots  in  each  square  indicate 
the  point  at  which  the  breathing  mixture  was  switched.  The  breath¬ 
ing  mixture  is  listed  at  the  top  of  each  square  and  the  experiment 
number  is  shown  at  the  bottom  of  the  figure,,  In  most  of  these  ex¬ 
periments  the  carotid  and  femoral  pressures  are  closely  associated 
and  similar  fluctuations  are  seen  in  each,. 
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Table  5 

EXPERIMENTAL  LATA  FROM  GROUP  NO.  4 


LRB 

C0?  Change 

pH  Change 

Femoral  B.P. 

Carotid  B.P. 

No. 

(Per  Cent) 

(mm.  Hg) 

(mm.  Hg) 

38 

1.9-0. 2 

7.29-7.41 

114-100 

160-174 

012-5.7 

7.41-7.32 

100-  95 

174x190 

3. 7-0. 5 

7.32-7.50 

95-  90 

190-172-195 

0.3-5. 9 

7. 50-7. 18 

*  110-  80 

*  140-168 

5. 9-2. 8 

7. 18-7. 36 

80-  80 

168^17 6 

2.8-9. 3 

7.36-7.04 

80-  80 

176-162 

39 

0.3-2. 9 

7.30-7.17 

160-  90 

175-135 

2. 9-0. 6 

7.17-7.45 

90-  50 

135-126 

0.6-6. 3 

7.45-7.20 

50-  90 

126-180 

6. 3-0. 9 

7.20-7.35 

90-  68 

180t157-130 

0.9-4. 9 

7.35- 

68-  82 

180-194 

41 

0.0-9. 3 

7.46-7.05 

215  -  *'^170 

220-244-224 

42 

0.0-5. 2 

7.46-7.20 

100- **-120 

160-195 

5. 2-0.4 

7.20-7.42 

120-  65 

195-  -195 

0.4-5. 0 

7.42-7.17 

65-140 

195-228 

5  o  0—0  o  0 

7,17-7.48 

140-  62-140 

228-175-240 

43 

0.0-10.4 

7.32-7.18 

117-177 

86-110 

10.4-  3o2 

7.18-7.28 

177-  97 

110-  82 

45 

0.0-5. 6 

8.00-7.28 

162-112 

195-157 

5. 6-0.0 

7.28-7.90 

112-80-172 

157-240 

0.0-5. 3 

7.90-7.40 

172-  87 

240-180 

5. 3-0.0 

7.40-7.68 

87-  77 

180-165 

0.0-8. 4 

7.68-7.32 

77-103 

165-185 

This  table  represents  experimental  data  obtained  from  the 
experimental  record  and  protocol  book.  It  shows  the  relationship 
between  the  concentration  of  CO^  in  0^,  arterial  pH,  and  the  femoral 
and  carotid  arterial  blood  pressures  in  intact  dog  experiments.  The 
CO  $  in  0^  was  changed  by  small  increments  until  the  desired  pH  was 
attained. 

*  -  Pump  adjusted  prior  to  CO  change. 

Large,  uncorrelatable  fluctions  in  pressure  throughout  this  period. 
No.  37  -  Pilot  experiment;  dog  died  early  in  procedure. 

No.  40  -  Technical  difficulties  in  procedure. 

No.  44  -  Log  sick,  did  not  tolerate  procedure. 


—  EFFECT  OF  pH  ALTERATIONS  ON  RESISTANCE  IN  THE 

"ISOLATED"  HEAD -  CONTROLLED  CEREBRAL  ARTERIAL  INFLOW 

PREPARATION- 


EFFECT  OF  pH  AND  Po^  ALTERATIONS  ON  RESISTANCE  IN  THE 
"ISOLATED"  DOG  HEAD  —  CONTROLLED  ARTERIAL  CEREBRAL 
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Figure  7a. 

PLOT  OF  ARTERIAL  pH  AGAINST  PER  CENT  CHANGE  IN  ARTERIAL 

BLOOD  PRESSURE 

This  plot  of  group  4  experiments  shows  the  relationship  be¬ 
tween  arterial  pH  and  the  CAP.  In  this  group  the  response  of  the 
CAP  to  alterations  of  the  arterial  blood  pH  is  too  variable  to 
have  any  meaning. 


Figure  7b 


SELECTED  GRAPH  OF  ONE  EXPERIMENT  OF  GROUP  4 


This  graph  shows  the  effect  of  arterial  blood  pH  and  P 

002 

alterations  on  the  CAP.  In  this  experiment  both  cerebral  and  femoral 
arterial  pressures  follow  the  pH  curve  generally0  Pressure  changes 
in  the  two  systems  are  closely  associated,  not  only  when  the  large 
peaks  and  valleys  are  considered  but  also  in  the  smaller  fluctua¬ 


tions 
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Group  4* 

Figure  7a  is  a  plot  of  pH  against  per  cent  change  of  cerebral 
arterial  pressure  which  shows  that  any  change  of  pH  from  7.4  re¬ 
sults  in  a  change  of  CAP.  During  acidosis  the  most  frequent  change 
(19  of  23  determination)  is  an  increase  in  CAP,  however,  the  changes 
observed  when  alkalosis  was  produced  were  variable. 

Figure  7"b  shows  one  experiment  from  this  group.  The  CAP 
fluctuations  generally  parallel  those  in  the  pH  curve.  However, 
the  femoral  and  cerebral  arterial  pressure  tracings  are  strikingly 
similar,  not  only  when  comparing  the  large  peaks  and  valleys,  but 
in  many  of  the  smaller  changes  as  well.  It  appears  that  damped 
femoral  fluctuations  are  reflected  in  the  cerebral  trace.  Here, 
the  relationship  between  blood  pressure  and  pH  is  clearly  the  resul¬ 
tant  of  changes  in  both  beds. 

Table  3  is  a  chart  of  all  experimental  data  from  this  group. 
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Table  4 


EXPERIMENTAL  DATA  PROM  GROUP  NO.  5 


Exp. 

No. 


GO^  Change 


pH  Change 


Carotid  B.P.  in  mm.  Hg 


46 

— 

— 

— 

47 

4  o0— 00 .0 

7.61-7.68 

170-196 

00.0-14.5 

7.68-7.22 

196-212-207 

14.5-00.0 

7.22-7.78 

207-250 

48 

— 

— - 

49 

8 . 4—00 . 0 

7.41-7.68 

135-185 

00.0-10.5 

7.68-7.31 

I65-105 

10. 5-00 o0 

7.31-7.70 

106x126 

00.0-11.6 

7.70-7.27 

126-106 

11.6-00.0 

7 o27-7.70* 

106-125 

50 

5.0-  6„3 

7.52-7.48 

106-103 

6.3-  0.0 

7.48-7.62 

103-117 

0.0-  9o4 

7.62-7.32 

117-  95 

8.4-  3.4 

7.32-7.50* 

95-113 

3.4-11.5 

7.50-7.20 

113-  95 

51 

3.8-  0.0 

7.54-7.61 

95-68 

O0O-I3.7 

7.61-7.01 

68-90 

13.7-00.0 

7.01-7.74 

90-80-100 

00.0-  3.4 

7.74-7.31 

100x100 

52 


*  -  estimated  pH 
No.  4 6  —  Pilot  experiment. 

No.  48  -  Donor  dog  died  before  any  data  could  be  obtained. 

No.  52  -  Receiver  dog' died  before  any  data  could  be  obtained. 


This  table  represents  experimental  data  obtained  from  the 
protocol  book  which  shows  the  response  of  the  cerebral  blood  pres¬ 
sure  resulting  from  alterations  of  inspired  C0?  concentration  and 
arterial  pH.  In  each  case  the  concentration  or  CO^  in  0  was  changed 
by  one  or  two  per  cent  at  ten  minute  intervals  until  the^desired 
concentration  was  reached  (i.e.  it  was  not  changed  abruptly  from  0.0 
to  10$  C02.) 
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Figure  8 


EXPERIMENTAL  RECORD  FROM  GROUP  5 


The  upper  trace  is  of  the  receiver  dog’s  respiratory  move¬ 
ments  (thoracic).  The  next  shows  the  respiratory  movements  of  the 
donor  animal.  The  record  is  read  from  RIGHT  TO  LEFT.  The  donor 
dog’s  respiratory  rate  was  set  and  did  not  vary  while  the  receiver 
dog's  breathing  pattern  was  physiologically  regulated  and  spontane¬ 
ous.  As  the  concentration  of  CO^  in  the  breathing  mixture  of  the 
donor  dog  was  decreased  from  6.3$  CC^  the  respiratory  movements  in 
the  receiver  dog  diminished.  This  shows  that  the  breathing  pat¬ 
tern  in  the  receiver  dog  was  altered  by  blood  pH  (P_  )  changes 
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in  the  normal  manner. 
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—  EFFECT  OF  pH  ALTERATIONS  ON  RESISTANCE  IN  THE 
ISOLATED  HEAD  —  DONOR  /  ISOLATED  PREPARATION 


ARTERIAL  pH 
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Figure  9a 

PLOT  OF  ARTERIAL  pH  AGAINST  PER  CENT  CHANGE  IN  CEREBRAL 

ARTERIAL  BLOOD  PRESSURE 

This  plot  of  group  5  experiments  shows  the  relationship 
Between  arterial  pH  and  the  CAP,  The  most  frequent  response  to 
altering  the  arterial  Blood  pH  from  7*4  in  either  direction  was 
an  increase  in  CAP, 


Figure  9U 


SELECTED  GRAPH  OF  ONE  EXPERIMENT  FROM  GROUP  5 


This  graph  shows  the  effect  of  arterial  Blood  pH  and  P 

°°2 

alterations  on  the  CAP,  Here,  the  CAP  curve  shows  two  humps  which 


coincide  with  those  on  the  pH  curve.  The  femoral  pressure  does 


not  show  such  a  relationship 
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Group  5* 

Figure  9&  shows  that  under  the  conditions  of  this  prepara¬ 
tion  the  primary  response  to  altering  the  pH  in  either  direction  is 
an  increase  in  CAP*  When  the  pressure  did  decrease  this  change  was 
usually  small. 

In  the  experiment  graphed  in  figure  9h  alkalosis  was  follo¬ 
wed  in  the  three  trials  hy  an  increase  in  CAP  while  during  acidosis 
a  decrease  was  observed.  For  the  first  half  of  this  experiment  the 
FAP  of  the  donor  dog  and  CAP  of  the  receiver  head  changed  in  oppo¬ 
site  directions  while  during  the  last  half  the  two  were  more  closely 
correlated.  As  in  other  experiments  of  this  group  no  definite  cor¬ 
relation  between  jugular  venous  and  cerebral  arterial  pressure  was 
evident. 

It  should  be  noted  that  the  receiver  dog’s  trunk  pressure 
fell  to  5mm»  Hg  early  in  the  experiment.  This  re-eulted  in  a  conti¬ 
nuous  blood  loss  from  the  receiver  head  into  the  body,  presumably 
through  the  spinal  connections. 

Table  Ho.  4  shows  the  data  from  each  experiment  of  this 

group. 

Group  6: 

Four  dogs  were  used  in  this  group  but  two  died  from  exces¬ 
sive  hemorrhage  early  in  the  day.  Of  the  two  successful  experiments 
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a  good  alkalosis  could  be  produced  only  in  one.  Examination  of  the 
ventilating  equipment  revealed  a  leak  in  the  system  which  allowed 
a  significant  amount  of  CO^  to  enter  the  breathing  mixture  when  its 
supply  had  supposedly  been  shut  off. 

figure  10  is  a  portion  of  record  from  the  best  experiment  in 
this  group.  It  must  be  read  from  RIGHT  TO  LEFT*  The  top  trace  shows 
respiratory  movements  (laryngeal)  of  the  severed  head  which  increa¬ 
sed  tremendously  as  the  CO^  concentration  in  the  breathing  mixture 
was  increased.  These  movements  diminished  as  the  CO^  was  reduced 
and  finally  ceased  during  alkalosis.  The  second  trace  shows  the 
donor  dog’s  arterial  pressure.  The  GAP  follows  the  pH  curve  closely 
throughout  the  entire  trace. 

Experimental  results  are  shown  in  Table  5  and  Figures  11a 
and  lib.  There  is  a  straight-line  relationship  between  blood  pres¬ 
sure  change  and  arterial  pH,  in  striking  contrast  to  the  variable 
results  obtained  previously.  These  experiments  are  supported  by 
results  from  the  following  group. 

Group  7  ’• 

The  results  from  this  group,  shown  in  Table  6  and  in  Figures 
12a  and  12b  are  quite  clear-cut.  In  a  total  of  108  trials  (six  ex¬ 
periments)  the  pH  was  increased  a  total  of  41  times  (fig.  12a).  Of 
these  41  increases  the  CAP  increased  39  times  and  remained  constant 
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in  2  trials.  The  pH  was  decreased  67  times,  which  resulted  in  a 
decrease  of  CAP  in  65  trials,  no  change  in  1  and  an  insignificant 
increase  in  the  other 0 

figure  12b  is  a  graph  of  one  experiment  from  this  g*oup  which 
shows  that,  in  the  isolated  head,  the  CAP  was  closely  associated 
with  the  arterial  blood  pH  and  P^  o 

A  portion  of  experimental  record  from  experiment  Ho.  59  is 
reproduced  in  Figure  14.  The  trade  is  of  the  CAP.  Carbon  dioxide 
concentration  in  the  breathing  mixture  and  blood  pH  curve's  are  il¬ 
lustrated  below.  Laryngeal  movements  as  well  as  eye  reflexes  were 
observed  in  most  experiments  of  this  group. 
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Table  No,  5 

EXPERIMENTAL  LATA  FROM  G-ROTJP  110.  6 


Exp.  C0„  Change 

ITo.  (Per  Cent) 


pH  Change 


Carotid  B.P.  in  mm.  Hg 
(Lecapitate  Head) 


54  5.7-00.0 

0.0-11.1 
11,1-00.0 


>1^7.48-7.62 

7.62-7.15 

7.15-7.46 


110-150 
150-  75 
'  75-H5 


;‘c  -  Estimated  pH. 


This  table  represents  data,  obtained  from  the  experimental 
record  and  protocol  book  which  shows  the  relationship  between  the 
concentration  of  CO  in  the  ins]dred0o,  arterial  blood  pH,  and  caro¬ 
tid  arterial  blood  pressure.  The  CO^  concentration  was  altered  by 
small  increments  every  ten  minutes  until  the  desired  level  was 
reached. 


The  following  experiments  were  unsuccessful  for  the  rea¬ 
sons  shown; 

Exp.  No.  55  -  Leak  in  respiratory  equipment  prevented  alkalosis; 
Insufficient  pH’s  taken, 

Exp.  No,  55  -  Honor  dog  died  before  useful  data  could  be  obtained, 
Exp.  No.  56  -  Honor  dog  died  before  useful  data  could  be  obtained. 
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EXPERIMENTAL  RECORD  FROM  DONOR  /  DECAPITATE  PREPARATION 


TIME  IN  ONE  MINUTE  INTERVALS 


ARTERIAL  pH 
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Figure  10 

PORTION  OF  EXPERIMENTAL  RECORD  FROM  GROUP  6 

This  record  reads  from  RIGHT  TO  LEFT*  In  the  top  record 
the  upper  trace  is  of  respiratory  (laryngeal)  movements  in  the  de¬ 
capitate  heads  The  second  is  of  the  donor  dog’s  femoral  arterial 
"blood  pressure  and  the  third  of  the  decapitate  head’s  arterial  "blood 
pressure.  The  tracings  in  the  "bottom  record  are  the  same  as  those 
in  the  top  record  except  that  here  the  venous  "blood  pressure  of  the 
decapitate  head  is  recorded  (fourth  trace  from  the  top)0  The  pH 
and  concentration  of  CO^  in  the  breathing  mixture  changes  are  plotted 
below  each  record.  From  the  top  and  bottom  record  it  can  be  seen 
that  as  the  CC^  is  increased  the  respiratory  efforts  of  the  decapi¬ 
tate  head  increase  markedly  and  vice  versa.  The  decapitate  head’s 
arterial  pressure  follows  the  pH  plot  closely  while  the  venous  pres¬ 
sure  changes  in  the  opposite  direction. 


—  EFFECT  OF  pH  ALTERATIONS  ON  RESISTANCE  IN  THE 
ISOLATED  DOC  HEAD- DONOR/ DECAPITATE  PREPARATION 


EFFECT  OF  pH  AND  Poco^  ALTERATIONS  ON  RESISTANCE 
IN  THE  ISOLATED  DOG  HEAD- 
DONOR  /  DECAPITATE  PREPARATION 
CEREBRAL  ARTERY 


Figure  11a 


PLOT  OF  ARTERIAL  pH  AGAINST  PER  CENT  CHANGE  IN  CEREBRAL 
ARTERIAL  BLOOD  PRESSURE 

This  plot  is  of  the  one  successful  experiment  in  group  6. 

It  shows  that  as  the  blood  pH  is  decreased  from  7*4  the  CAP  decrea¬ 
ses  and  vice  versa. 


Figure  lib 


GRAPH  OF  THE  SUCCESSFUL  EXPERIMENT  IN  GROUP  6 


This  graph  shows  the  effect  of  arterial  blood  pH  and  P 


CO, 


alterations  on  the  CAP,  The  CAP  is  closely  associated  with  the 


arterial  blood  pH,, 
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Table  Nop  6 

EXPERIMENTAL  DATA  FROM  GROUP  NO.  7 

Exp.  CO?  Change  Carotid  B.P.  in  mm.  Eg 

No,  (Per  Cent)  pH  Change  (Decapitate  Head) 


59 

7.8-  0.0 

7.11-7.49 

105-150 

O.O-14.O 

7.49-6.88 

150-  93 

14.0-00.0 

6.88-7.49 

93-140 

0.0-10.4 

7.49-6.98 

140-  99 

10. 4-00 o0 

6.98-7.40 

99vl60 

60 

3. 6-0.0 

7.25-7.40 

103-122 

0.0-4 .2 

7,40-7.18 

122-105 

4.2-0. 0 

7. 18-7. 39 

105-125 

0. 0-4.2 

7.39-7.25 

125-109 

4. 2-1.5 

7.25-7.35* 

109-112 

61 

0.4-4. 8 

7.82-7.21 

160-145 

4. 8-0.0 

7.21-7,62 

145-320 

0.0-3.8 

7.62-7.26 

320-275 

62 

7. 0-0.0 

7.19-7.49 

190-270 

0.0-4. 5 

7.49-7.20 

270-126 

4. 5-0.0 

7.20-7.52 

126-240 

0.0-2. 5  ** 

7.52-7.39 

240-180 

64 

0. 0-5.0 

7. 80-7. 17 

175-140 

5.0— 0.0 

7. 17-7. 80 

140-225 

0o0-4.5 

7. 80-7. 20 

225-167 

4;5tO.O 

7.20-7.75 

167-225 

0.0-5. 2 

7.75-7.28 

225-190 

66 

2. 1-0.0 

7.43-7.82 

104-112 

0.0-4. 5 

7.82-7.23 

112-  76 

4.5-0.0 

7.23-7.85 

76-112 

0.0-5. 6 

7.85-7.23 

112-  77 

5. 6-0.0 

7.23-7.79 

77-128 

0. 0-5.1 

7.79-7.11 

128-  98 

*  -  Estimated  pH. 

>!=*  —  Estimated  per  cent  CO^  in  0^. 

This  table  represents  data  obtained  from  the  experimental 
record  and  protocol  book  which  shows  the  relation  between  the  con¬ 
centration  of  CO^  in  Ogj  arterial  pH  and  CAP.  In  each  case  the  CO^ 
was  changed  one  or  two  per  cent  after  each  10  minute  period.  Figures 
shown  here  represent  several  such  changes,, 

The  following  experiments  could  not  be  used: 

No.  57  and.  58  -  Pilot  experiments. 

Noo  65  -  Tubing  in  the  perfusion  pump  slipped  so  that  blood  inflow 
was  variable  throughout  the  experiment. 

NOo  65  -  Dog  died  before  the  surgery  was  completed. 
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—  EFFECT  OF  pH  ON  RESISTANCE  IN  THE  ISOLATED 
DOC  HEAD —  OXYGENATOR/ DECAPITATE  PREPARATION 


EFFECT  OF  pH  AND  PaC0>2  ALTERATIONS  ON  RESISTANCE 
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Figure  12a 

PLOT  OF  ARTERIAL  pH  AGAINST  PEP  CENT  CHANGE  IN  CEREBP/L 

ARTERIAL  BLOOD  PRESSURE 


This  "lot  of  the  _roup  7  experimental  date  shows  the  rela¬ 
tionship  between  arterial  pH,  and  the  cerebral  arterial  pressure. 
Increasing  the  pH  results  in  an  increase  in  CAP  and  vice  versa.  The 
curves  sketched  in  this  plot  represent  the  data  as  good  as  any  that  could 
have  been  drawn.  They  were  sketched  in  to  compare  our  data  from  isolated 
dog  heads  with  that  obtained  from  humans  by  Patterson  and  co-workers  and 
Eety  and  co-workers  (Ol)  which  is  shown  in  Figure  13  of  tils  thesis. 


Figure  12a 


GRAPH  OF  ONE  EXPERIMENT  SELECTED  FROM  GROUP  7 


This  graph  shows  the  effect  of  arteris.1  blood  pH  and 


CO 


changes 
aha  ges 


crease 


on  the  CAP,  The  arterial  pressure  changes  follow  the  pH 
closely  throughout  the  experiment.  The  increase  or  de- 
appears  to  depend  on  the  degree  of  alkalosis  or  acidosis  res¬ 


pectively. 
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Figure  13 


t 


fig.  449.  The  full  range  of  response  of 
the  cerebral  blood  flow  to  elevation  and  to 
reduction  in  arterial  COj  tension.  (Composite 
curve  from  data  of  Kety  and  colleagues  and 
Patterson  and  colleagues. ) 


EXPERIMENTAL  RECORD  FROM  OXYGENATOR  /  DECAPITATE  PREPARATION 
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Figure  14 

PORTION  OF  EXPERIMENTAL  RECORD  FROM  GROUP  7 

This  record  (read  from  RIGHT  TO  LEFT)  shows  the  response 
of  CAP  in  the  decapitate  head  to  alterations  of  the  arterial  blood 
pH  and  P  «  The  changes  in  arterial  pressure  parallel  those  of 
the  pH# 
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DISCUSSION 


The  results  obtained  from  groups  one  and  two  give  some  sup¬ 
port  to  the  hypothesis  that  in  the  dog  the  primary  effect  of  respira¬ 
tory  alkalosis  is  a  dilatation  of  cerebral  blood  vessels.  In  group 
2  the  CO^  concentration  in  the  breathing  mixture  was  decreased  a  to¬ 
tal  of  15  times  of  which  the  CAP  pressure  fell  9  times,  and  did  not 
change  in  6  trials.  Of  the  nine  times  the  pressure  fell,  a  rise  was 
observed  in  each  of  them  after  a  few  minutes  which  exceeded  the  con¬ 
trol  level  in  same. 

If  the  arterial  inflow  or  other  variables  did  not  change 
the  alteration  in  CAP  was  due  to  active  diameter  changes  of  the  cere¬ 
bral  vessels.  If  there  was  a  change  in  arterial  inflow  or  other  va¬ 
riables  (e.g.  cerebral  venous  pressure,  cerebrospinal  fluid  pressure) 
no  valid  conclusions  could  be  drawn  (see  p.64). 

A  list  of  variables  which  could  influence  the  cerebral  cir¬ 
culation  would  include:  l)  a  direct  arterial  connection  between  the 
body  and  head;  2)  changes  in  cerebral  venous  blood  pressure;  3)  chan¬ 
ges  in  cerebrospinal  fluid  pressure;  4)  hemodynamic  changes  result¬ 
ing  from  positive  pressure  ventilation;  and  5)  reflex  circuits  within 
the  head  or  upper  neck  region  uninterrupted  by  the  surgical  prepara¬ 
tion. 

l)  Arterial  Interconnection  of  Body  and  Head:  In  groups  1, 
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2,  4  and  5  the  ventral  spinal  artery  was  patent ,  therefore  a  free 
communication  of  undetermined  size  existed  between  the  cerebral 
circulation  and  that  of  the  trunk*  Nowak  and  Samaan  (49)  pointed 
out  that  although  flow  is  normally  caudad  in  this  artery  it  can 
easily  be  reversed  to  flow  into  the  brain*  This  can  happen  after 
ligation  of  the  vertebral  and  carotid  arteries 0 

Even  though  the  carotid  arterial  inflow  was  held  constant 
by  a  pump,  this  vessel  would  constitute  a  leak  in  the  high  pres¬ 
sure  system  of  the  cerebral  circulation.  It  follows  that  this 
’’leak"  could  add  to,  reduce  or  cancel  pressure  changes  in  the  cere¬ 
bral  bed  as  a  result  of  flow  changes*  Because  this  source  cf 
error  was  not  measured  quantitatively,  it  cannot  be  stated  to  what 
degree  it  influenced  the  results.  In  some  experiments  when  the  cere¬ 
bral  perfusion  was  stopped  the  CAP  fell  to  low  values  and  no  pulsa¬ 
tions  were  evident  on  the  arterial  pressure  trace  while  in  others  this 
was  not  the  case  (see  tables  1  and  2)* 

In  experiment  number  22  (fig.  5)  both  the  trunk  and  cerebral 
arterial  pressures  increased  approximately  10  mme  Hg  when  the  inhaled 
gas  mixture  was  switched  from  0  to  2^fo  CO^  in  0^.  When  this  procedure 
was  repeated  later  in  the  experiment  with  5 fo  CO^  there  was  no  change 
in  CAP  although  the  trunk  pressure  continued  to  fall  markedly.  This 
might  be  attributed  to  the  large  fall  in  the  trunk  pressure  cancel¬ 
ling  out  any  increase  which  might  have  occurred  in  the  CAP  by  acting 
through  the  spinal  vascular  connections 0 
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In  group  2  biphasic  responses  we  re  observed  in  nine  of  the 
fifteen  trials  in  which  the  CO^  was  reduced.  A  biphasic  response  has 
been  reported  by  other  investigators  under  different  conditions  when 
CO^  was  administered  or  withdrawn  from  the  breathing  mixture  (22), 

It  has  been  postulated  that  this  effect  could  be  reflex  in  origin, 
however,  there  is  no  definite  evidence  to  support  this  hypothesis. 
Since  these  biphasic  responses  occurred  in  the  intact  dog  experiments 
but  not  in  the  decapitate  ones,  they  were  probably  mediated  through 
the  spinal  vascular  connections.  Several  attempts  were  made  to  inter¬ 
rupt  the  spinal  connections  using  the  technique  described  by  Polet 
and  he  Schaepdryver  (53)  >  however,  it  was  not  possible  in  this  labo¬ 
ratory  to  duplicate  their  success. 

2)  Venous  Pressure  Changes:  Alterations  in  venous  pressure 
could  easily  influence  the  cerebral  venous  return,  thus  the  cerebral 
resistance,  by  altering  the  pressure  gradient  along  which  the  blood 
moves.  In  groups  1,  2,  4  and.  5  the  spinal  venous  sinuses  were  undis¬ 
turbed.  The  venous  pressure  was  recorded  in  some  experiments  in 
groups  4  and  5  but  not  in  1  or  2.  Although  venous  pressure  fluc¬ 
tuations  of  several  mm.  Hg  were  observed  in  nearly  all  experiments 
we  were  unable  to  correlate  CAP  changes  with  these. 

5)  Cerebrospinal  Fluid  Pressure  Changes:  Changes  in  the 
venous  pressure  should  be  reflected  by  changes  in  like  direction  of 
the  cerebrospinal  fluid  pressure  (7).  in  increase  in  the  fluid 
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pressure  would  increase  the  external  pressure  on  the  cerebral  ves¬ 
sels  thus  affecting  pressure  within  them.  According  to  Noell  and 
Schneider  a  marked  increase  in  the  fluid  pressure  would  result  in  a 
sharp  decrease  in  cerebral  blood  flow  which  would  gradually  return 
to  its  original  level  as  a  result  of  active  vasodilatation  (48). 

This  might  explain  why  the  pressure  changes  reversed  their  direction 
in  the  middle  of  certain  experiments  (e0g.  Fig.  6)„ 

4)  Effects  from  Positive  Pressure  Ventilation:  Hemodynamic 
changes  resulting  from  positive  pressure  ventilation  are  discussed 
by  Brecher  (5).  These  should  result  in  venous  pressure  changes 
which  affect  cerebral  vascular  resistance  (CVR),  However,  in  the  ex¬ 
periments  described  in  this  thesis  ventilation  was  held  constant 
(except  in  group  5)*  Changes  from  this  source  show  up  as  rhythmic 
excursions  on  the  pressure  tracing,  the  magnitude  of  these  being 
determined  by  settings  on  the  respirator. 

5)  Reflex  -^Iterations:  Although  the  question  of  direct 
nerve  influence  on  the  cerebral  vascular  bed  has  been  a  controver¬ 
sial  issue  for  decades,  the  latest  consensus  of  opinion  as  expressed 
by  Sokoloff  and  Kety  (66)  is  that  there  is  little  definite  evidence 
of  nervous  regulation  of  cerebral  vessels. 

The  results  from  group  4  are  much  the  same  as  those  of  group 
1  and  2<>  Figure  7a  shows  a  "shotgun"  pattern  which  is  much  more  pro¬ 
nounced  on  the  alkalotic  side  of  normal  than  on  the  acidotic  side* 
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However,  the  overall  picture  is  too  variable  to  draw  any  conclusions. 

Because  this  variabilities  was  not  observed  in  the  completely 
isolated  heads.  It  appears  that  the  equivocal  results  from  groups 
1,  2,  and  4  are  a  direct  consequence  of  the  two  circulations  not 
being  completely  separate.  This  subjects  the  cerebral  circulation 
to  influences  from  the  trunk  circulation. 

Results  from  groups  1  and  2  are  also  questionable  because 
of  a  number  of  technical  problems  that  arose.  Erratic  behavior  of 
the  pH  meter  made  all  of  the  pH  measurements  uncertain.  In  experi¬ 
ments  2J  and  24  (Hg.  5)  there  was  exidence  that  the  perfusion  blood 
was  not  completely  oxygenated  even  while  hyperventilating  on  100% 

0  •  This  was  later  traced  to  malfunctioning  of  the  A14  regulator 
on  the  respirator.  Experiment  22  appears  to  be  the  most  reliable 
of  the  three  experiments  in  group  1.  In  this  one  the  arterial  blood 
pH  remained  at  7°4  after  switching  from  normal  ventilation  to  hyper¬ 
ventilation  with  2-g %  CO^  in  0^*  The  subsequent  change  to  100%  0g 
raised  the  pH  to  7*53  >  however,  the  next  time  this  change  was  made 
a  maximum  pH  of  7*43  was  attained.  Also,  in  the  last  half  of  this 
experiment  the  systemic  arterial  pressure  started  f ailing  and  conti¬ 
nued  to  fall  until  the  end  of  the  experiment. 

During  tone  experiment  in  group  2  (Drinker  respirator)  a 
pH  as  low  as  6. 91  was  reported  by  the  technician  while  the  animal 
was  being  hyperventilated  with  100%  0^ I  When  the  respirator  was 
stopped  the  animal  was  apnaeic  for  over  two  minutes! 
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The  response  to  acidosis  in  group  5  (Fig*  9a)  was  generally 
the  same  as  seen  in  group  4  (Pig.  7a),  hut  the  response  to  alkalosis 
is  quite  different  in  that  this  condition  resulted  in  an  increased 
CAP  in  29  of  the  36  trials  when  the  pH  was  increased  above  normal. 
These  findings  would  indicate  that  in  the  intact  dog  any  change  in 
pH  from  normal  results  in  an  increased  CAP.  This  is  exactly  the  op¬ 
posite  to  results  obtained  by  Heath  and  Hash  in  1958  (24)*  Ho  expla¬ 
nation  can  be  offered  for  this  contrary  finding  but  it  is  pointed 
out  that  in  their  experiments  cerebral  blood  flow  and  pressure  were 
allowed  to  seek  their  own  levels.  They  measured  flow  directly  in 
one  canotid  artery  with  a  bubble  flow-meter. 

These  results  from  group  5  further  illustrate  the  influence 
of  the  extracerebral  on  the  intracerebral  circulation.  As  in  groups 
1,  2  and  4  the  experimental  head  was  attached  to  its  body  by  the 
spinal  column,  therefore  the  cerebral  circulation  was  subjected  to 
the  same  variables.  In  addition  to  this,  the  experimental  dog’s 
breathing  pattern,  which  was  controlled  in  the  preceding  groups,  was 
allowed  to  fluctuate  here  in  response  to  intrinsic  control  mechanisms. 
This  would  result  in  a  decreased  ventilatory  rate  in  the  receiver 
when  the  concentration  of  the  inhaled  £0^  was  reduced  in  the  donor 
dog  and  vice  versa  (see  Pig,  8).  As  a  result  both  venous  and  cere¬ 
brospinal  fluid  pressure  could  fluctuate  with  the  changing  ventila¬ 


tory  rate 
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In  view  of  the  preceding  discussion  few  valid  conclusions 
concerning  cerebral  vessel  diameter  changes  per  se  can  he  drawn 
from  data  obtained  in  this  group. 

The  results  from  groups  6  and  7>  obtained  from  decapitate 
heads  (Figs.  11a  and  12a),  are  striking  when  compared  to  the  pre¬ 
ceding  groups.  In  these  experiments  the  completely  severed  heads 
retained  an  ocular  reflex  during  the  greater  part  of  each  experiment. 
Also  many  responded  with  pronounced  laryngeal  movements  as  the  P 

COg 

was  increased  (Fig.  10)o  In  one  experiment  the  head  made  violent 
gasping  motions  as  the  P  was  increased.  These  observations,  plus 
the  fact  that  nor-adrenaline  injections  at  the  end  of  each  experiment 
gave  a  large  response  indicated  that  the  head  was  reactive  throughout 
the  procedure. 

Figures  11a  and  12a  leave  no  doubt  that  in  the  isolated  cere¬ 
bral  circulation,  freed  from  most  extracerebral  influences,  alkalo¬ 
sis  results  in  an  increased  resistance  to  cerebral  blood  flow  which 
is  closely  related  to  the  magnitude  of  alkalosis  (Fig.  12b) s  Aci¬ 
dosis  is  followed  by  a  decrease  in  cerebral  vascular  resistance, 
which  from  a  teleological  point  of  view  is  reasonable  because  an  in¬ 
creased  blood  flow  would  result  in  a  more  rapid  removal  of  C0n  thus 
preventing  tissue  damage  from  CO^  toxicity. 

Patterson  and  co-workers  have  assessed  the  blood  flow  changes 
in  humans  in  response  to  ?  alterations  (5l)  (68).  'Their  data  show 

c°2 
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that  when  P  rises  above  normal,  increases  in  CBF  occur,  i.e.  they 
o02 

result  in  decreased  cerebral  vascular  resistance,  and  vice  versa. 

However,  they  do  not  appear  to  have  considered  pressure  changes 

which  probably  accompanied  the  flow  alterations. 

Curves  similar  in  shape  to  Patterson's  (51)  which  reasonably 

represent  the  data  shown  are  sketched  in  figure  12a,  In  their  graph 

(Fig.  13)  as  the  P_,n  is  increased  the  CBF  increases  and  vice  versa. 

C02 

The  figure  12a  results  are  comparable  when  the  following  considera¬ 
tions  are  met:  they  plot  flow  changes  against  P^  while  we,  in  ef¬ 


fect,  plot  resistance  against  the  pH  changes  which  ;are  a  direct  re¬ 
sult  of  Tnn  alterations.  In  our  experiments  if  the  flow  was  not 
°°2 

held  constant  it  ?fOuld  increase  when  the  resistance  decreased  (i.e, 
flow  is  the  reciprocal  of  resistance  if  the  pressure  does  not  change 
appreciably).  For  this  reason  the  curves  shown  are  seen  in  opposite 
quadrants  to  those  of  Patterson  (see  Figs„  12a  and  13), 

While  the  cerebral  circulation  of  intact  dogs  behaved  incon¬ 
sistently  with  Patterson's  human  data,  the  decapitate  preparations 
followed  them  closely. 

From  the  experimental  evidence  presented  in  this  thesis  there 
seems  to  be  little  doubt  that  in  the  isolated  cerebral  circulation  of 
dogs,  the  primary  cerebral  vascular  response  to  respiratory  alkalosis 
and  acidosis  is  an  increase  and  decrease  respectively  in  the  cerebral 


vascular  resistance 
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That  this  relationship  does  not  hold  in  the  intact  animal 
is  evident  from  experiments  performed  on  cerebral  circulations  with 
some  trunk  vascular  connections  undisturbed®  Here,  the  response  to 

r 

alterations  of  arterial  P  and  blood  pH  was  variable® 


Summary : 


It  has  been  demonstrated  that  vessels  of  the  cerebral  vas¬ 


cular  bed  respond  actively  and  in  a  definite  manner  to  alterations 

of  arterial  blood  P  and  pH®  However,  in  the  intact  animal  this 

C02 

response  is  not  always  consistent  in  direction®  In  view  of  results 
obtained  from  the  decapitate  head  preparations,  the  r esponses  inter¬ 
preted  as  constriction  or  dilatation  of  the  cerebral  vessels  in  ear¬ 
lier  experiments  are  probably  due  to  factors  other  than  diameter 
changes  in  these  vessels®  The  evidence  indicates  that  these  pressure 
changes  are  due  to  the  cummulative  effect  of  a  number  of  variables 
which  damp  or  override  pressure  changes  resulting  from  active  diameter 


changes  of  cerebral  vessels 
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